+ 


IEE T 


Denison Univ, ee 


Digitized by the Internet Archive 
in 2024 


https://archive.org/details/owb_P9-CUI-496 2 


STRUCTURE 
OF 


TYPICAL AMERICAN OIL FIELDS 


Published with the aid of a fund established 
by the New York committee for the mid-year 
meeting of the Association, November, 1926 


STRUCTURE 


OF 


TYPICAL AMERICAN 
OIL FIELDS 


A SYMPOSIUM ON THE RELATION OF 
OIL ACCUMULATION TO 
STRUCTURE Withdraws 
Dealsom Univ. Library 


Forty SPECIAL PApers INCLUDING A CRITICAL SUMMARY; IN PART 
FROM THE PROGRAM OF THE [| WELFTH ANNUAL CONVENTION OF 
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
AT TULSA, OKLAHOMA, Marcu 24, 25, AND 26, 1927 


PVD 
ete Te 


“VOLUME It 
| 2 31929-- 


PUBLISHED BY 
THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
TULSA, OKLAHOMA, U.S.A. 


LONDON: THOMAS MURBY & CO., 1, FLEET LANE, E.C. 4 


a tor we re 
Copyricut 1929 By ; * ; 
THE AMERICAN ASSOCIATION OF _ eS 


All Rights Reserved an 
~ ~3 = aa~3 Si. 
~ x Published December, 1929 : 


Composed and Printed By 
The University of Chicago Press. 
~a = ‘ Chicago, Illinois, U.S.A. 


PREFATORY NOTE 


The contributions to the Structure of Typical American Oil Fields 
have been solicited from geologists most familiar with the respective 
fields and have been prepared with a view to showing the relation of 
petroleum accumulation to structure. In doing this the relation of struc- 
ture at the surface to that on the oil-bearing horizons has been made clear. 
The authors have presented their facts, deductions, and theories for 
individual fields or groups of fields; and, with the assurance that the de- 
tailed facts are correct, the reader is free to make generalizations and to 
apply the conclusions to larger, regional problems. 

Attention is invited to the broader aspects of the relation of petroleum 
accumulation to structure as related (1) to reservoir rocks and (2) to 
regional sedimentation and tectonics. A comprehensive picture of all the 
geologic conditions is as necessary to an understanding of petroleum ac- 
cumulation to-day as was a mere general conception of the structural 
theory of I. C. White ten years ago, and the importance of comprehensive 
study will steadily increase. 

A few speculations are given in the following paragraphs in order 
to be suggestive, not dogmatic. The most important of these concern 
folding contemporaneous with the filling of geosynclinal prisms of ac- 
cumulation, and refolding along predetermined axes, the location of 
major lines of folding, especially of other beds in shallow geosynclinal 
basins, being controlled by lines of weakness in the basement rocks. . 

The primary control of accumulation in many areas is the physical 
character of the reservoir rock which determines the type of structural 
control and the relations of oil, gas, and water. Sandstones, limestones, 
dolomites, and cherts are the dominant reservoir rocks. A reservoir rock 
may be widespread with structural accumulation anticlinal where con- 
trolled by the presence of water, or synclinal where water is absent. In 
lenticular porous sandstones, however, accumulation may be determined 
by the shape of the lens or by hydrostatic equilibrium, or by both; there- 
fore, the oil may occur on monoclinal or homoclinal structure. Limestones 
and similar rocks act as reservoirs in anticlinal folds and buried hills only 
where porous, and this porosity is in most areas due to solution at uncon- 
formities or to dolomitization. Fracture zones form reservoirs in lime- 
stone and shale irrespective of local structure. Under hydraulic head the 
upthrown side of normal faults, especially the basinward side, may 
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act as a reservoir for oil, whereas the downthrown side rarely acts as a 
reservoir except where the faulting took place after accumulation. Re- 
adjustment of the oil-water level in faulted anticlinal folds in which 
accumulation preceded faulting is dependent on the degree of stagnation 
of the water. Accumulation of oil in overthrust faults is in most places 
controlled by hydraulic head. Discordant igneous intrusions rarely, if 
ever, trap oil. 

Oil fields are commonly developed in sedimentary rocks deposited in 
epeiric or mediterranean seas near the edges of geosynclines, but not 
where the folding or faulting is intense; they occur also within, and even 
in the centers of, such basins and of major geosynclines. But the apparent 
total absence of oil from large parts of certain basins, irrespective of 
proved continuity of reservoir conditions, such as sand lenses, and of con- 
tinuity of geologic structure from oil fields, is not understood and is a 
problem of oil genesis or migration, rather than of structure. 

Oil and gas seepages have led to initial discovery of many oil fields. 
After the introduction of geology, visible folds of anticlinal type and, 
later, similar folds discovered by subsurface studies based on well logs, 
were drilled with great success. For a decade the drill and seepages, 
rather than geology, pointed the way to fields in the gently folded rocks 
in the centers of shallow geosynclines and in smaller intra-continental 
basins. In recent years a better comprehension of the basic principles of 
geology as related to petroleum together with intensive scientific explora- 
tion has proved the importance of such areas and has already led to the 
discovery of some of the most important oil fields of the world. 

Deductions from studies in the Appalachian Mountains and from the 
experimental production of folds of Appalachian type have dominated 
the conception of folding and of mountain-building in the United States. 
Like the Neptunian doctrines of Abraham Gottlob Werner, these concep- 
tions stood unchallenged for many years. Isostasy and petroleum geology 
have brought into the science modified views and have shown the true 
relation of a thin veneer of incompetent sediments to the underlying vast 
thickness of competent rocks. Structure in the sedimentary rocks, and 
especially in the thin sheets over many geosynclines, is determined by 
forces acting in the underlying basement complex. Anticlines, buried hills, 
faults, and even synclines underground, and especially in or near the 
basement rocks, may be overlain by entirely different types of structure— 
by anticlines or salt domes or faults with an entirely different strike or by 
homoclines. In gently folded rocks the structure underground is more 
sharply folded and covers less area than at the surface. 
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Earth movements which initiate epi-continental seas and geosynclines 
of deposition, and complete geanticlines of compression, act slowly 
through long periods of time with spasmodic stillstands and slight positive 
movements which cause disconformities, unconformities, lines of weak- 
ness, and incipient lines of folding. In some geosynclines of deposition 
the loci of the major folds and lines of folding are determined by buried 
topography or structure or fragmentation in the basement rocks, and 
superposed folding began during or after the deposition of the lower part 
of the ultimate sedimentary column, and in the time scale take place 
several geologic periods before ultimate cessation of sedimentation. These 
folds are rejuvenated from time to time so that the sedimentary sections 
in them show initial thinning. Between these primary folds secondary 
folds and lines of folding are formed later. 

Translated into factors of oil accumulation, the time of formation of 
anticlines and synclines and the time of stillstands and of aerial exposure 
of newly deposited sediments become very important because at these 
times the lithological composition and porosity of sedimentary rocks were 
modified locally. Sand lenses are temporary shallow-water or shore 
phenomena and may be found far from the original limits of sedimentary 
basins. Widespread porous limestones may owe their porosity to tempo- 
rary land conditions and to solution by surface and underground waters 
before complete lithification of the prism of sediments. Dolomite is evi- 
dently a later secondary alteration product of limestone after lithification. 
Local porosity in limestones may be due to coral or algal reefs which may 
form interbasin bars of great lineal extent bounded on either side by 
rocks of different lithological composition. 

Anticlines and synclines formed during the last folding of the geo- 
synclinal basin may produce oil. But many of the largest and most 
prolific oil fields of the world are on primary anticlines of early formation 
which were refolded once or several times and which show structural dis- 
cordance not traceable in adjacent synclines. Such primary anticlines 
form the buried hills and buried ridges which were recognized for the first 
time thirteen years ago. The older, partly truncated rocks in them may 
or may not produce oil or may not be within reach of the drill. The upper 
surface of these older rocks may even be synclinal between buried hills in 
secondary anticlines yielding oil from younger rocks. Entire anticlinal 
ridges of secondary folding may be barren although primary anticlines on 
either side produce oil. There are reasons for believing that one of the pre- 
requisites for oil accumulation in some geological provinces is anticlinal 
structure which was formed concomitantly with deposition, as shown by 
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initial thinning in the stratigraphic section; in other words, that the gen- 
eration and migration of the oil antedated the final folding. 

Structure has therefore assumed a new significance in the quest for 
oil. An anticline in a petroliferous province is not the sole desideratum. 
Anticlines may be barren and synclines productive. Homoclinal dip may 
be the proper type of structure. Where accumulation is anticlinal, the 
history of sedimentation and of folding, as revealed in large extent by 
subsurface studies, will in many cases differentiate petroliferous and 
barren anticlines. 

Geological thought is evolving rapidly. The contribution of petroleum 
geology to knowledge of structure, stratigraphy, and paleontology is be- 
coming ever more important. Research now accompanies and follows 
observation. Comprehension of the nature and origin of folding has been 
hampered by lack of knowledge of the third dimension. Well data are 
supplying this information. Structure of Typical American Oil Fields is, 
therefore, a contribution to research. May it stimulate a better under- 
standing of structural geology as well as aid in the discovery of new oil 


fields the world over. 
SIDNEY POWERS 
Tusa, OKLAHOMA 


March 6, 1929 
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STEPHENS OIL FIELD, COLUMBIA AND 
OUACHITA COUNTIES, ARKANSAS: 


W. C. SPOONER? 
Shreveport, Louisiana 


ABSTRACT 


The Stephens field, discovered in 1922, has produced 3,137,448 barrels of oil to 
January 1, 1928. The estimated future production is 2,175,000 barrels. It is estimated 
that the ultimate average acre-yield will be 1,875 barrels. The production is mainly 
from the Buckrange sand, the basal member of the Ozan formation, but a small volume 
of oil and gas is obtained from the Nacatoch sand. Both producing horizons are in the 
Upper Cretaceous. The structure of the field is a southeastward-trending structural 
nose, limited on the north by a graben. The lenticular structure of the reservoir sand 
has determined the distribution of the oil. 


LOCATION AND EXTENT 


The Stephens field is in T. 15 S., R. 20 W., Columbia County, and 
T. 15 S., R. 19 W., Ouachita County, Arkansas. Most of the wells were 
drilled in Columbia County. The field is named from the town of Stephens 
in Sec. 21, T. 15 S., R. 19 W., Ouachita County. 

The nearest producing areas are the Louann district of the Smack- 
over field, 12 miles east; and the Irma field, the same distance northwest 
of Stephens. 

The total area of the Stephens field capable of producing oil is not 
easily determinable because the small initial yield of the wells has not 
been encouraging to complete drilling of the leases, The total producing 
area has been arbitrarily fixed at 2,850 acres, based upon the ratio of one 
well to each ro acres. 


HISTORY OF DEVELOPMENT 


The discovery well of the Stephens field, Hude and Aarnes’ Brown 
No. 1, in Sec. 13, T. 15 S., R. 20 W., Columbia County, was completed 
on June 8, 1922, at a total depth of 2,082 feet. The initial production was 
33 barrels of 29.3° Bé. oil from the Buckrange sand, recorded from 2,078 
to 2,082 feet in depth. 

x Manuscript received by the editor, November 16, 1928. Published by the per- 
mission of the Arkansas Geological Survey, for which Mr. Spooner was acting as assist- 
ant geologist when he wrote this paper. 

2 Consulting geologist, Ardis Building. 
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The first well drilled in the Stephens area was the S. S. Hunter e/ al., 
Lester and Haltom No. 1 in Sec. 13, T. 15 S., R. 19 W., Ouachita County, 
completed on July 16, 1920. It produced a small amount of oil from a 
depth of 2,125-2,131 feet. Subsequent development proved this well to 
be located on the downthrown side of the fault, which limits the producing 
area on the north side of the field. The showing of oil in this well stimu- 
lated the search for oil in Arkansas, which led to the discovery of the 
Stephens, El Dorado, and Smackover fields. 

In 1922 the Stephens field produced 28,325 barrels of oil. The greatest 
production was in 1924, with a total of 787,133 barrels. The highest 
monthly production was recorded in August, 1923, with a total of 88,899 
barrels as compared with a total of 35,930 barrels for the month of August, 
1928, 

TOPOGRAPHY 

The Stephens field is drained by the eastward-flowing Smackover 
Creek. It has a broad, flat valley with an average altitude of 190 feet 
above sea-level. The interstream areas are gently rolling hill-lands that 
range in altitude from 240 to 290 feet above sea-level. The higher altitudes 
are in the western part of the field. 


STRATIGRAPHY 


Surface formations in the Stephens field belong to the Claiborne 
group of the Eocene. They consist of massive light-colored and reddish 
sand and thin-bedded ferruginous clay and sand, in part indurated and 
containing some limonite and glauconite. Deep wells in the field have 
penetrated all of the Gulf series and more than 1,000 feet of the Trinity 
group of the Comanche series, and wells a short distance away from the 
field have penetrated an even greater thickness of the Trinity group. 
The geologic column for the field is given in Table I. 


COMANCHE SERIES (LOWER CRETACEOUS) 


The Comanche series is represented in the Stephens field by the 
equivalents of the Glen Rose limestone and by the Red shale and sand 
zone of the Trinity group (Fig. 1). The total thickness of the Comanche 
rocks in the area, estimated from wells adjacent to the field, is more than 
2,500 feet. The Washita and Fredericksburg groups, as well as the upper 
part of the Trinity group, were removed by erosion prior to the deposition 
of the Gulf series. 

Red shale and sand zone.—The basal beds of the Trinity group are 
in this area represented by 1;500~-2,000 feet of beds herein designated as 
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TABLE I 


GENERALIZED SECTION OF FORMATIONS IN THE STEPHENS FIELD 


System 


Tertiary 


Creta- 
ceous 


Series Group Formation Piiceaess Character 
: Undifferen- |300-400] Sand, sandy clay, and fer- 
Claiborne tiated ruginous sand and clay. 
Some glauconitic sand at 
the base 
Wilcox Wilcox 550 | Light-colored to brown sand, 
Eocene sandy clay, and clay. In 
part lignitic. Non-marine 
Midway | Midway 500 | Gray non-calcareous clay 
clay and shale. Lower so feet 
gray and dark blue shale 
with fossils 
Unconformity 
Arkadelphia] 90-100} Dark gray to black shale, 
clay in part chalky 
Nacatoch 315 | Sand and sandy shale, cal- 
sand careous sandstone, and 
Nig iasts sandy limestone, lower 100 
feet gray shale 
Saratoga 15-30 | Gray and white chalk 
chalk 
Marlbrook 225 Gray marl and shale, in 
marl part chalky 
ones o-s5o | White and bluish-gray chalk 
chalk = of 
Gulf series ness 
Ozan 110 | Gray shale and fine, sandy 
Tayl (Buck- shale. Buckrange sand 30 
rae range sand to 50 feet at the base 
at thebase) 
Brownstown Medium to dark gray shale 
marl and fine-textured sandy 
shale and sand 
Tokio 450 | Gray shale, sandy shale, and 
formation sand, some glauconite and 
volcanic ash 
Austin ; . 
Woodbine Arkosic sand with matrix of 
sand volcanic ash 
Unconformity 
Washita | Absent 
Comanche | Freder- Absent 
series icksburg 
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TABLE I—Continued 


: : hickness 
System Series Group Formation S nny A Character 


Glen Rose |1,000- | Gray and greenish-gray shale, 
limestone | 1,100] some red and brown shale, 


(DeQueen argillaceous limestone and 
limestone) sand 

Creta- | Comanche (Dierks 

ceous series limestone) 


Trinity 


Red sand |1,500-+] Red shale and sand, light- 
and shale colored sand of fine texture. 
zone Not penetrated in the 

field, but recorded in deep 

well a short distance away 


the “Red shale and sand” zone of the Trinity group. Because of a north- 
ward overlap, these beds are not present at the outcrop in southwestern 
Arkansas. Only a few hundred feet of the zone has been penetrated in 
wells drilled in the Stephens field; but a well a few miles toward the north- 
west penetrated 1,000 feet, and wells in the Smackover field have pene- 
trated more than 1,700 feet of these beds. The total thickness of this 
zone is estimated to be nearly 2,000 feet. 

The “Red shale and sand” zone is made up of fine-textured sand and 
sandstone, fine-textured sandy clay, and shale. The shale is commonly 
red, and this is particularly true of the upper beds ranging in thickness 
from 800 to 1,000 feet. The sand and sandstone are in part lignitic and 
in part slightly calcareous. Sand makes up the larger part of the zone, 

Glen Rose formation.—The Glen Rose formation is represented by 
beds that in part are the equivalent of the DeQueen limestone, the 
Holly Creek shale and sand, and the Dierks limestone of southwestern 
Arkansas, The formation ranges from 1,000 to 1,100 feet in thickness. 
The lower part of the section is probably older than the Dierks limestone. 

The upper 400 feet of the Glen Rose formation is made up chiefly of 
gray, greenish-gray, and red shale and sandy shale with subordinate 
beds of limestone and sandstone. The lower beds, ranging from 600 to 
700 feet in thickness, are made up of limestone; greenish-gray, gray, and 
blue shale; sandy shale; and sandstone; with a few thin beds of brown and 
reddish-brown shale. The sand is uniformly fine-textured throughout the 
section, and the limestone is in part odlitic. Macro-fossils and micro- 
fossils are not plentiful except in a few thin beds of limestone and shale. 


EVENTS PRECEDING DEPOSITION OF GULF SERIES 
At the close of the Comanche epoch the sediments were uplifted and 
tilted westward. The uplift was followed by a period of erosion during 
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which the beds were truncated and the terrane’ 


reduced to a peneplain. In the Stephens field the 
Washita and Fredericksburg groups are absent, 
as is most of the upper Trinity, which in the 
western part of the state has a thickness of several 
hundred feet. In the Smackover field, 15 miles 
toward the east, the Glen Rose formation is ab- 
sent and the basal Upper Cretaceous is in contact 
with the “Red shale and sand” zone of the Trinity 


group. 
GULF SERIES (UPPER CRETACEOUS) 


The Gulf series underlying the Stephens field 
(Fig. 2) has a thickness of 1,250 feet representing 
nine formations, of which a summary description 
follows. 

Woodbine sand.—The Woodbine sand is not 
readily differentiated from the overlying beds of 
the Tokio formation. Both formations contain 
volcanic material, and the conglomerate bed 
which at the outcrop marks the base of the Tokio 
formation is absent in the Stephens field. The 
lower beds, ranging in thickness from 50 to 100 
feet, are somewhat more arkosic and contain a 
greater proportion of volcanic material, on which 
basis they are assigned to the Woodbine sand 
rather than to the Tokio formation. 

Tokio formation and Brownstown marl.—The 
Tokio formation of the Austin group and the 
Brownstown marl of the Taylor group are not 
easily differentiated. They have a combined thick- 
ness ranging from 400 to 450 feet. The Tokio 
formation is distinctly sandy, in part lignitic, 
and contains some volcanic material, ordinarily 
in the form of bentonite. The clays are gray 
and pale greenish-gray and contain considerable 
amounts of very fine-textured sand. The sand 
members make up the greater part of the forma- 
tion. The Brownstown marl is composed mainly 


Frc. 1.—Section of Comanche rocks penetrated in Hude 
and Aarnes’ Brown No. 2 well in Sec. 13, T. 15 S., R. 20 W. 
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Arkadelphia 


Ou and Gasin East 
Stephens Field 


Nacatoch Sand 


Saratoga Chalk 


Marlbrook Marl 


Brownstown Marl 


Tokio Formation 


Woodbine Sand ? 


of gray shale and sandy shale. The 
sand, as in the Tokio formation, is 
fine-textured. 

Ozan formation.—The Ozan for- 
mation is made up of gray shale 
containing a slight amount of fine- 
textured sand. Its thickness ranges 
from 80 to 100 feet. The lower part 
of the formation, ranging from 15 to 
30 feet in thickness, is the Buckrange 
sand member (‘‘Blossom”’ sand), the 
main oil-producing horizon of the 
Stephens field. 

Annona chalk—The Annona 
chalk as a litholigic unit has a thick- 
ness ranging from 30 to so feet. It 
consists of hard white and gray 
chalk. Some of the chalky clay over- 
lying the chalk may belong in the 
Annona, but, lacking more definite 
evidence, it is included in the Marl- 
brook marl. 

Marlbrook marl.—To the Marl- 
brook marl is assigned 225 feet of 
light-colored clay and marl, in part 
chalky, overlying the Annona chalk. 

Saratoga chalk.—This formation 
consists of hard white and gray 
chalk ranging from 15 to 30 feet in 
thickness, 

Nacatoch sand.—This formation 
is made up of three more or less 
well defined members. The upper 
10-35 feet is sandy shale containing 
thin lenses and beds of sand. The 
middle member, whose thickness 
ranges from 1§0 to 175 feet, is made 
up chiefly of calcareous sandstone 
with subordinate beds of limestone. 
The basal member, 100 feet in thick- 


Fic. 2.—Section of Gulf series in the 
Stephens field. 
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ness, consists of gray and blue shale. The total thickness of the Nacatoch 
sand is 315 feet. 

Arkadelphia clay.—The Arkadelphia has a thickness ranging from 
go to 100 feet. It is composed of dark gray clay and shale. 


EOCENE (LOWER TERTIARY) 


Midway clay.—The Midway formation has a thickness ranging from 
500 to 550 feet. It consists of gray clay and shale containing many siderite 
concretions. With the exception of the lower fossiliferous beds, ranging 
from 50 to roo feet in thickness, the Midway clay is non-calcareous. 

Wilcox formation.—This formation has a thickness ranging from 550 
to 600 feet. It is made up mainly of sands and sandy clays and is in part 
lignitic. Where wells have been carefully cored, it is possible to divide 
the Wilcox formation into four parts. At the base is 100-150 feet of sandy 
clay, ordinarily with a thin bed of lignite or lignitic clay at the base. These 
beds are overlain by 300-325 feet of massive red sand. Above the massive 
sand is 75 feet of gray clay characterized by many siderite concretions. 
At the top is 100 feet of gray sand, in part lignitic. 

Claiborne group.—The Claiborne group in the Stephens field is com- 
posed of massive sand with subordinate beds of clay containing concre- 
tions of limonite and siderite. Its thickness ranges from 300 to 400 feet. 
Because of the absence of fossils which are present in the Claiborne in 
Louisiana and Texas as well as in southwestern Arkansas, it is not possible 
definitely to divide the group into formations, as has been done where 
marine beds are present. 


PRODUCING HORIZONS 


The principal producing horizon of the Stephens field is the Buck- 
range sand member at the base of the Ozan formation. This sand is also 
called the ‘‘Stephens”’ sand and the “Blossom” sand. The Nacatoch sand 
has yielded a few small oil and gas wells in the area east of the town of Ste- 
phens, but it is not an important producing horizon. 

Buckrange sand.—This sand is the basal member of the Ozan forma- 
tion as defined by C. H. Dane. It is correlated with the Graves sand of 
the Smackover field and with the producing sand of the Haynesville 
field, generally called the “Blossom” sand. 

The Buckrange sand in the Stephens field has a thickness ranging 
from 30 to 50 feet consisting of sand and sandy shale. Oil is produced 

C. H. Dane, “Oil-bearing Formations of Southwestern Arkansas,” U. S. Geol. 
Survey Press Bull., September ro, 1926. 
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from the upper 5~10 feet of sand. The remainder of the section consists 
of sandy shale with intercalated thin lenses of sand. 

The sand is made up of fine-textured, generally sub-rounded quartz 
grains with some grains of glauconite and fine particles of mica. The 
porosity is uniformily low, but variable depending upon the amount of 
secondary cementation and the amount of argillaceous matter it contains 
as a matrix. 

The most uniform porosity is in the main part of the field, whence it 
decreases in all directions. The sand becomes thinner within a short 
distance toward the west and almost disappears on the west side of the 
field, thus limiting production in that direction. The Buckrange sand 
ranges in depth from 1,890 to 1,960 feet below sea-level. 

Nacatoch sand.—The Nacatoch sand has yielded showings of oil and 
gas in the main part of the field, but no production. In the east field there 
are a few wells producing gas and heavy oil from the top of the Nacatoch 
sand, but the production is of little importance. Oil is produced from the 
uppermost 15 feet of the Nacatoch sand, which consists of thin beds of 
alternating sand and shale. The Nacatoch is found at depths ranging 
from 1,150 to 1,300 feet below sea-level. 


SURFACE STRUCTURE 


The structure of the Stephens field is not easily determined from an 
examination of the surface because of the slight structural relief and the 
character of the beds that crop out in the area. The fault on the north can, 
however, be traced throughout a considerable part of its length. 


SUBSURFACE STRUCTURE 


The generalized structure of the Stephens field and the adjacent area 
is shown in Figure 3. The contours are drawn on top of the Nacatoch 
sand and show depths below sea-level. According to the writer’s inter- 
pretation, the structure is that of a terrace or nose that is limited on the 
north by a graben. The regional dip is toward the south and the south- 
east. The faults that define the graben have a general northwest trend, 
and the width of the graben is about 2 miles. The maximum throw is 
250 feet, but it decreases to a few feet in the northwestern corner of the 
area shown in Figure 3. At the southeast the data are inadequate to form 
an estimate of the amount of throw. The dip of the fault plane is not 
easily determined because of lack of accurate data, but it is probably 
not less than 70° from the horizontal. 


STEPHENS OIL FIELD, ARKANSAS 9 


The structure of the main producing area is shown in detail in Figure 
4. The contours are drawn on top of the Buckrange sand, and figures show 
depths below sea-level. Mapped in detail, the structure is seen to be a 
low-dipping, southeast-plunging nose. Along the axis the dips range from 
15 to 25 feet per mile, but they increase toward the south and the north, 
ranging from 50 to 75 feet per mile. 

The structure of what is commonly called the “east Stephens field” 
is shown in Figure 5. The contours are drawn on top of the Nacatoch 
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Fic. 3.—Generalized subsurface structure of the Stephens field and adjacent area. 
Contours drawn on top of Nacatoch sand. Figures give depths below sea-level. 


sand at intervals of 1o feet. By using the smaller contour interval, it is 
possible to show a contour closing against the fault. 

The structure of the Trinity rocks may, because of the unconformity 
that separates them from the Gulf series, differ greatly from the structure 
mapped on the younger rocks. But, owing to lack of data, it is impossible 
even to speculate upon the local structural features in the Trinity group. 


RELATION OF STRUCTURE TO ACCUMULATION OF OIL 

The Stephens field and the adjacent area on the west is a structural 
“high,” which may have been the factor that determined the accumula- 
tion in this area. This distribution of the oil, however, was determined 
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by the character of the reservoir sand, chiefly its lenticular structure. 
The distribution has also been modified by differences in the completeness 
of secondary cementation and the amount of argillaceous material con- 


tained in the sand. 
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Fic. 4.—Detailed subsurface structure map of Stephens field. Contours drawn on 
top of Buckrange (producing) sand. Figures give depths below sea-level. 


AGE OF THE DEFORMATION 


Two principal periods of deformation are recognized in the area, 
The earlier was at the close of the Comanche epoch. The nature of the 
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deformation of this period is not known in the Stephens field for lack of 
data. 

The later period was post-Claiborne; and, so far as can be deduced 
from the physiographic history, it dates from the Miocene epoch. 
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Fic. 5.—Subsurface structure of east Stephens field. Contours drawn on top of 
Nacatoch sand. Figures give depths below sea-level. 


POSSIBILITIES OF DEEPER PRODUCING HORIZONS 


The Tokio formation and the Woodbine sand contain excellent reser- 
voir sands, which have been penetrated only in a few wells, yielding slight 
showings of oil. These sands are conformable with the Buckrange sand 
but more uniform in porosity and thickness, and would, therefore, be 
more dependent upon local anticlinal structure. As the distribution of 
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the oil in the Buckrange sand is controlled primarily by the lenticular 
structure of the sand, it necessarily follows that any oil that may be 
present in the lower, more uniform sands might have a totally different 
areal distribution. The data are inadequate to form an estimate of their 
potentiality. ' 

The Trinity group contains several sands capable of serving as reser- 
voirs for oil and gas, one of which yielded an excellent showing of oil in 
Hude and Aarnes’ Brown No. 2 well iri Sec. 13, T. 15 S., R. 20 W. The 
Comanche sediments were uplifted, tilted, and perhaps folded locally, 
and subjected to erosion prior to the deposition of the Gulf series. The 
resultant unconformity was of such magnitude that the available informa- 
tion gives no indication of the structure in this area. 


DRILLING METHODS 


The rotary method of drilling was used exclusively in the Stephens 
field. Neither drilling nor the completion of the wells presented any 
difficulties worthy of note. 

The common practice was to set 100-150 feet of 10-inch casing to 
exclude the surface waters. The wells completed in the Buckrange sand 
were set with 1,975—2,025 feet of 6-inch casing and completed with 70-90 
feet of 43-inch blank, and 35-45 feet of 44-inch perforated, liner. The 
wells completed in the Nacatoch sand were set with 1,450~-1,510 feet of 
6-inch casing and completed with 40-100 feet of 44-inch liner. 


PRODUCING AREA 


The total area capable of producing oil in some quantity is not easily 
determined because the small initial volume of the wells was not sufficient 
inducement to drill the field according to a definite schedule of well 
spacing. Where leases were completely drilled, the wells were spaced on 
the basis of 10 acres per well. In order to arrive at a representative acre- 
yield for the field, it has been assumed that the producing area includes 
ro acres for each well drilled, this assumption giving a total of 2,850 acres. 


INITIAL AND PRESENT PRODUCTION OF WELLS 


The initial production of the wells in the Stephens field was low com- 
pared with that of other fields in Arkansas. The Buckrange sand yielded 
wells with initial production varying from 75 to roo barrels per day, but 
the average was about 25 barrels per day. The Nacatoch sand wells had 
higher initial production, ranging from 50 to 4oo barrels per day. The 
gas wells had initial yields from 3,000,000 to 15,000,000 cubic feet per day. 
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TABLE II 
PROPERTIES OF CRUDE OIL 


SAMPLE NO. 281001, MARK A: ARKANSAS, STEPHENS FIELD, OUACHITA COUNTY, 
BUCKRANGE SAND, SEC. 21, T. 15 S., R. I9 W., WELL NO. 2 


Speciticteravitynimecn mea. see oe. 0.877 
ENal PSIG Corehia lentes o tachi eee ENC A ee 29.9° 
Percentage ot sulphur... .....55. 5. 1.63 


Saybolt Universal viscosity at 70° F. 
130 sec. 


Saybolt Universal viscosity at 100° F. 


Reosicna TeeGate Renata oho Seren ts 81 sec. 
iPRercentag crolnw atcha aie ene nan 0.7 
IRONING aoe anemns aoate below 5° F. 
(SOlOTA an rs cic sha brownish black 


DISTILLATION: BUREAU OF MINES, HEMPEL METHOD 


| 
| Percent - 


| | | 
Viscosi- Cloud Test) Tempera- 


Sum, | Specific | 4 py | 
Temperature | age Cut aie ee ai Chik pues a pee le une F) 
Air Distillation. Barometer, 744 Mm. First Drop, 40° C. (120° F.) 

UDECORS Omer octet sieve eens |p cpt eens eaten cu llaem Steata ler otats cine Ulaeecm dd cst Up to 122 
IS Ome IR eamente so Reee Be dusts cy 4.7 ZG! WW MOSOM Stew Ballo aoiorcin| lee Seis ean 122-67 
Saal OORT aah creo ster 3.9 Sol || eGov? || OSsO lle soca sams ace 167-212 

THOVOS EDGE Pe cree Reece ROS a CLS fall lo Rec tcreontra ace ig eal eco alec aera DEP 

Teh Onesie amie can wT «a8 Bets Tis 2etOn730, | OOe Gal hnse nr |iseasawre 0 257-302 

1EG{O = ceonch otal Stop ees 4.0 Lyte Ola 5 Orla G Stale ees otsietl| laren <osceneae 302-47 

C75 es OO am sec neeenia. syeruvor ak AD Ri dey POR Hie Gla oo we dlen doaoe: 347-92 

NOON Van Se rte ee 4.4 PES) nS 7S" lhe ON lleae aou||nces Goes 302-437 

POISE Oi 1A econ ce ORO 4.6 OMAN ROMOU On AS 12 allege lene ahuecas 437-82 

DIAC alate avd onsu eer cee oe 5.8 BODO O20 SO Om crenata eres oe 482-527 

Vacuum Distillation at 40 Mm 

Wino Weeusnoa ostinee hed Alsat “igeie || Cpestinne || Byles AL Io Up to 392 

ZOO eis semen aweyerene¥eaes «shor 5.3 9.4 | 0.858 | 33.4 | 45 25 392-437 

DISTT, ae Ee ace 5.6 iG On| MONO || _GOnd) 57 45 437-82 

I rani ee barre crahivoge rete atanard 5.8 20.8 | 0.890 | 27.5 80 65 482-527 

Bi eS OOP kustece Waeheray chs ss Seyi 20m 5a |eO. COUN | 25 (10) || £30) 80 oe 

INGSreluqonans joie Goality ae cmon uaaooe Oc 36.9 Distillation loss, per cent........... 0.4 


Carbon residue of residuum, percent 15.1 | Carbon residue of crude, percent... .. 5.6 
APPROXIMATE SUMMARY 

ce Specific Gravity APT: Viscosity 
Light gasoline (end-point, 212° F.)} 8.6 0.694 FOR alee RE rai oR 
Total gasoline and naphtha...... 21.4 0.731 (Or ies v| late cence asta 
Kerosene distillate.............. 9.0 0.803 AAT Teme Oe eee ety « 
(ASRO UI artery ere oe scey core ces Keg eratewele eons TG2O 0.844 ELON ju) Mla meeec ee 
Non-viscous lubricating distillate..} 11.0 | 0.865-0.894 | 32.1-26.8 50-100 
Medium lubricating distillate.....] 6.3 | 0.894-0.906 | 26.8-24.7 100-200 
Viscous lubricating distillate... .. OsOullesa ea enero aaa moe ee eimaree «oles Above 200 
RESIGN UIMI Se crepeeee tat cc cis cipal = 36.9 0.985 SAM Wad lene Stine 
PT StiAlONNOSSanvtt eat cmieccm © Op Ail marontne ein | sorrel etasiere wills aye gee are oh 


D. B. Taliaferro, Jr. 


, September 22, 1928 
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TABLE II—Continued 


SAMPLE NO. 281002, MARK B: ARKANSAS, STEPHENS FIELD, OUACHITA COUNTY, 
NACATOCH SAND, SEC. 21, T I5 S., R. 19 W., WELL NO. I 


SPeciic eta villyeaeewee a ee 0.982  Saybolt Universal viscosity at 100° F 
AP Ma oravailiya anaes ee ee een Accae TOOr Weebly tip Wchie36 above 2,000 sec. 
Percentage of sulphur............ 2,87. | Percentagerol waters. ae seer 29.2 
Saypolt) Universal sviScosity, tate Om sm bOUT yO lINt yr ern anes 25° FE; 

ST aC aaa hed Meee Pee act coe sec Colotes.eme-ueee eee SDLOMmIshEplack 


DISTILLATION: BUREAU OF MINES—-HEMPEL METHODS 


| 
| | Specific | -_. +, |Cloud Test) Tempera- 
| P alae pus) : Je Ode NA ty | 
Temperature T5eCue Rerentage) CHULY | GrCue atnoor®, (Dumees) te 
| | | ; | ‘ 
Air Distillation. Barometer, 745 Mm. First Drop, 230° C. (446° F.) 

WD RtONS OE ar ancl lie ercrs eee, dered ee ay Seeley ige ne Arch ey | ee ea Up to 122 
FOS Athy wchavaiye all io seaie sera lise tose. O) ayall seule es skeet eee eer ero elec tet tale cee 122-67 
TS LOO Rei heas sackaws call aveteyeaodelielltomseermitecsyi al Coe USE alll Wer are srcmnlliaet ne. oe Mae aera a 167-212 

LOCH TDG gn ssl ened Deere sey a) opel euetnceec ac astd Meee meetin tc cease eal (cache en peo 212-57 

HED BAIS vb rr pets sae | ete noc cute [Bema ge cceoceil crc yeaa a a evra Ae cee ala IE ces Sree] ee oe 257-302 

EGON Bayan allan 0 tsucanetecuere | MES atone soll Mase otemeiem alee icra alle aoe Ae eee 302-47 

TSE 2OO 7 See ciurs soe onal| Chats oxewate | ka cepts ana ots evarere roy cles elle Pecos P| tee eee te 347-02, 

LOO BS Airs al fresh Grn eran eun tect raf eats ech A aie IIe x ot alec ey we ee 302-437 

225=5O ea hans 2.0 DEOL Ulccetsspate.e iieey ace ae lis come ell eee ees 437-82 

250-1) Seve winrar 5-4 7 ths 0.860 2320 482-527 

Vacuum Distillation at 40 Mm. 

Upitorzoou ar 10 1.9 0. 889 27a 45 Too | Up to 392 

REO OPS a 5 6 civ 4 6.5 8.4 0. 895 26.6 54 dark | 392-437 

DISA o wots dob 6.4 14.8 0.913 2205 75 to 437-82 

25 On Sanne rene | 22.5 0.920 20.8 135 obtain | 482-527 

27 50 OO MEP mn ee Opn 28.6 0.942 18.7 260 cloud | 527-72 

Resid uunaysper cent mene eee 63.1 Distillation loss, per cent........... 0.9 


Carbon residue of residuum, per cent 16. 5 


Carbon residue of crude, per cent...10.4 


APPROXIMATE SUMMARY 


seca Specific Gravity A.P.I. Viscosity 
Inehisgasolines(end=pointecro: Ns) | mor om] ea rs 
Total gasoline and naphtha. ..... O20. Sexeeenclions arses pew Ree eeene ae ee 
Kerosene distillate seem cia erien Loo NT ceo ies ils Olare mAs Cac 
Gasol erecta res 10.8 0. 869 ce pe 
Non-viscous lubricating distillate. .| 11.1 | 0.892-0.920 27 s1=22).8 50-100 
Medium lubricating distillate.....| | 7.7 | 0.920-0. 936 22.3=10.7 100-200 
Viscous lubricating distillate... . . 6.4 | 0.936-0.947 19.7-17.9 | Above 200 
INGESHOINDEITE como amb aw ooo’ vow en 63.1 L.COOe) Gira mera ieee 
Distillation Ossem~. tn ose nen CoO a bins Sen ER REISS oy olen sh a ee Mee te 


D. B. Taliaferro, Jr., September 22, 1928 
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Altogether, 289 wells were completed: 283 oil, and 6 gas, wells. | 
During the month of August, 1928, 260 wells in the Buckrange sand 
produced 979 barrels, an average of 4 barrels per well. Four wells in the 
Nacatoch sand produced 65 barrels per day, or an average of 16 barrels 
per well. The average daily production for the month was 1,044 barrels. 


WATER CONDITIONS 


The Nacatoch sand is water-bearing, and all of the wells in this forma- 
tion make a considerable amount of water. The Buckrange sand, on the 
contrary, does not carry water. In the few wells that make water the 
trouble can be traced to faulty casing seat or bad casing. 


PRODUCTION STATISTICS 


The Stephens field to January 1, 1928, had produced 3,137,448 barrels 
of oil, distributed as shown in Table ITI. 


TABLE III 


PRODUCTION OF OIL, STEPHENS FIELD 


Year Barrels 
LO 2 Pe ge Met Aches whoa. 28,325 
TROP oka. giana: See ain a ony rae aentene 625,218 
ODA Acar eres seni re ates eae sis coms TST E88 
TO 5 eae cow Re a erence area, 642,967 
SINOPY Maske cneltan 30 tiles ne ee (a) i ONE 
ACP Ln. 0 ore ste oe emcee Se ard eRe Lee 501,674 
DEO Cale ew saere eer 5 See aaa 3,137,448 


The average daily production for August, 1928, was 1,044 barrels 
from 264 wells, an average of 4 barrels per well. On the basis of 2,850 
acres in the producing area, the field had an acre-yield on January 1, 
1928, of 1,100 barrels. 


ESTIMATED FUTURE PRODUCTION 


A production decline curve of the Stephens field is given in Figure 6, 
which has been used in estimating the future production throughout a 
period of eight years, giving the result shown in Table IV. 
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TABLE IV 

ESTIMATED FUTURE PRODUCTION, STEPHENS FIELD 
Year Barrels 
TO 2 8 Mpetcpae Mey ern dee kts. Nek nile oe 420,000 
TOL in in tous PRONG peeae OOO ey ae a ees 355,000 
MO Ong macuar cates pene vena ae mi tae eck 300 , 000 
IOC UO or Aetna ee aeRO oe enrantbe hist c 270,000 
IUCIORS 8, hae ho tee OR ee eee 240,000 
OSCR ee iN eae AS a renee 215,000 
TWO Ohi 0u. ofcae hs Ganon ROR nen caterer ea 195,000 
TiO) 3 Genesee pte Lo ead titers awe ae 180,000 

pO taleeecysee at: ee hear ee or 2,175,000 


SUMMARY OF PRODUCTION 


The total production to January 1, 1928, was 3,137,448 barrels, and 
the estimated future production is 2,175,000, giving a total ultimate yield 
of 5,312,000 barrels. On the basis of 2,850 acres as the total producing 
area, these figures represent an acre-yield of 1,875 barrels. 


OIL ACCUMULATION AND STRUCTURE OF THE SANTA 
MARIA DISTRICT, SANTA BARBARA COUNTY, 
CALIFORNIA’ 


R. E. COLLOM? 
Los Angeles, California 


ABSTRACT 


In the four oil fields of the Santa Maria district, namely, Casmalia, Cat Canyon, 
Lompoc, and Santa Maria, the reservoirs have been formed in the rocks where the oil 
and gas originated. The oil occurs in cross-faulted anticlines in which the faults have 
influenced the movement and location of the oil. In the Santa Maria district the oil 
comes from the diatomaceous Monterey shale of Miocene age. Although the diatoma- 
ceous shales have been commonly considered the source of the oil and gas, more recent 
studies have indicated that these highly organic sediments may have been deposited 
under conditions that would preclude their contribution of any hydrocarbons. 


Four producing oil fields are included in the Santa Maria district, 
which lies in the northwestern part of Santa Barbara County, California; 
they are Casmalia, Cat Canyon, Lompoc, and Santa Maria (Fig. 1). 
These fields offer a good opportunity for study of the perplexing problems 
of the origin, migration, and accumulation of those California crudes 
which are supposed to have had their source in the widespread organic 
shales of the Miocene, commonly called the Monterey. 

Here is a district in which the existing reservoirs of oil and gas have 
formed within the mother-rocks. 

In the Santa Maria field, which structurally is a cross-faulted anti- 
cline, oil occurs in, and is produced from, the fractured, flinty shales of 
the lower Monterey, the shales in which it probably originated. Similar 
conditions of occurrence and production of oil are found at Casmalia and 
Lompoc. Ina part of the Santa Maria field, oil also is produced from sand 
strata of the Vaqueros, which underlies the Monterey. Probably this 
Vaqueros oil migrated laterally across a fault from the Monterey, where 
the Vaqueros beds on one side of the fault were upwardly brought into 
contact with the lower Monterey on the other side. 

In the Casmalia field, production comes from the approximate strati- 
graphic equivalent of the second oil zone—flinty shales—of the Santa 


* Manuscript received by the editor, October 15, 1928. 


2 Vice-president, Marland Oil Company of California. 
18 


19 


SANTA BARBARA COUNTY, CALIFORNIA 


“yooy Sz 


‘ 


[eArojzUr n0}UOD StydeiZ0do LT ‘sopra vS AToyeuxo1dde 


‘ 


poddew voir jo yysua'T 


“eIUIOFITeD 


‘¢ 


“AQVAING [BOTSOTOIL) 


Ss 


f) Wolf Gepy 


PUJSIP LUI BIULS JO SPpay [IO—I “Oly 


ZF kee one 


yur y 


Zs 


20 


HY 


ue, 
= 
Sa 


aa] 
a 
ee 


Ge 


= 
Ly 


ieese 


Sols 


BS 


ja | 


Fic. 2.—West-east cross section through Santa Maria and Cat Canyon oil fields. Depths in feet. 


R. E. COLLOM 


Maria field. There is a marked difference in the 
gravities of the oil. The Santa Maria crude is the 
lightest in the district, probably because the closed 
structure inhibits the dissipation of the lighter 
fractions. As one progresses westerly along the 
Schuman anticline, within which the block-faulted 
accumulation at Casmalia is contained, the entire 
Miocene series is exposed in outcrop. This condition 
has evidently permitted the dissipation of lighter 
fractions of the crude. Hot salt water is closely asso- 
ciated with the oil in this structure, the tempera- 
ture at depths ranging from 1,500 to 1,800 feet 
being as high as 145° F. Were it not for this heat, 
it is doubtful if the heavy, viscous crude could 
have been successfully produced. 

At Cat Canyon the oil occurs in sand strata. 
According to some geologists, this condition is an in- 
shore phase of sedimentation in shales overlying the 
productive horizons in the Santa Maria field (Fig. 2). 
Cores taken from deep tests at Cat. Canyon, which 
have indicated steep-dipping beds of the hard flinty 
Monterey shales, suggest a possible unconformity 
between the Monterey and the overlying sand and 
shale strata containing the oil. Possibly the Cat 
Canyon production occurs in rocks which are not 
Monterey but the equivalent of the Santa Margarita 
of the Huasna district on the north, lying uncon- 
formably upon the Monterey and underlying the 
Fernando. 

Ample evidence of faulting and shearing is pre- 
sented in the Monterey shales of the Santa Maria 
district, particularly in those areas not masked by 
younger sediments. A study of this evidence enables 
the geologist to infer what may have been the struc- 
tural reactions and final attitude of these mother- 
shales in the Pliocene oil fields on the south in 
Ventura County and the Los Angeles basin. It seems 
probable that post-Pliocene movements along old 
major lines of faulting in the Monterey not only 
produced anticlinal folds in the Pliocene blanket 
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but created favorable channels for escape of oil from the Monterey into 
overlying sand reservoirs of the Pliocene. The evidence, particularly of 
the Casmalia and Santa Maria fields, is that the Monterey shales were 
not capable of extended simple structural adjustments but yielded 
greatly to differential shearing and faulting. 

The producing fields of the Santa Maria district, and any other pos- 
sible reservoirs of oil that are as yet undiscovered, represent only a small 
part of the original petroliferous product of these organic shales. Seepages 
and residues of petroleum may be seen in the broken and unsealed Mon- 
terey shales all along the coastal area wherever they are exposed, from 
Monterey to Santa Barbara. In numerous outcrops of the lower Monterey 
of the Santa Maria district the innumerable small fractures and crevices 
in the shales are filled with tar. Heavy oil, in some places, seeps from the 
shales. In Foxen Canyon is an old inclined pit, sunk on a stratum of steep- 
tilted shale, the fractures of which are filled with gilsonite. Wherever 
the older strata of Monterey are exposed in Santa Barbara County, 
whether in the San Rafael Mountains or along the coast near Santa 
Barbara, tar fills the fractures, or heavy oil exudes along some fracture 
plane. On the crest of the hills near the Casmalia field is a great mass of 
so-called ‘‘oil shale.”” Actually this material is a porous, diatomaceous 
shale saturated with crude oil. This area has been the scene of several 
experimental plants built to extract oil from these shales. 

To the scientist who is not satisfied with this residual evidence but 
desires to search further for basic evidence as to the organic origin of 
Monterey oil, the shales of the Santa Maria district give a far from monot- 
onous array of organic material. At one time the words “Diatomaceous 
shales”? and ‘‘Monterey shales” were used almost synonymously in dis- 
cussions of these Miocene rocks. Recent studies have shown, however, 
that the organic content of these shale strata is quite different in different 
places. In some places Foraminifera abound; in others, vast quantities 
of the shale seem to be composed almost entirely of skeletons of diatoms; 
and in still others, the material may be largely sponge spicules. These 
various conditions are interestingly reported by Tolmant in a summary 
of field and microscopic studies of the Tertiary organic siliceous sediments 
of California. 

These recent studies show that the old idea that the “Diatomaceous 
shales” of California were uniformly the generator rocks of petroleum 
cannot be so simply applied. Great masses of white, porous diatomite, 

1C, F, Tolman, “Biogenesis of Hydrocarbons by Diatoms,” Econ. Geol., Vol. 22, 
No. 5 (August, 1927), pp. 454-74. 
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made up mostly of diatom skeletal débris, seem to have been deposited 
under conditions which would preclude their having contributed any 
hydrocarbons whatever to existing supply. On the other hand, examina- 
tion of the opal or “‘flinty”’ shales indicates that, under certain conditions 
of aggregation of great masses of diatoms, transformations took place 
which were favorable for each organism to make its minute contribution 
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VENTURA AVENUE OIL FIELD, VENTURA COUNTY, 
CALIFORNIA? 


F. W. HERTEL? 
Ventura, California 


ABSTRACT 


The Ventura Avenue oil field is located in Ventura County, California, 2} miles 
north of the city of Ventura, in the Ventura River valley. This field has the reputation 
of being the most difficult field in California in which to complete a deep well. The 
topography of the field is very rough, embracing elevations from 100 to 1,100 feet. The 
Ventura anticline is 16 miles long with Ventura Avenue field at the center. The anti- 
cline plunges in both directions from the center of the field and is characterized by 
steep dips on the flanks, which range from 30° to 60°. Production comes from the Pico 
formation, of lower Pliocene age. The field has six oil zones, but practically all produc- 
tion comes from the deepest zone, the Lloyd. The Lloyd zone has a known thickness of 
2,600 feet, with the bottom of the zone as yet not found. The Ventura Avenue field 
has at present [February, 1928] a production of 57,000 barrels per day of 29°-30° 
gravity oil, from 113 wells. The field has produced, since its discovery in 1915, up to 
January 1, 1928, approximately 44,000,000 barrels of oil and more than 130,000,000,000 
cubic feet of gas, yielding approximately 1 gallon of gasoline per 1,000 cubic feet of gas, 
and should ultimately produce 250,000,000 barrels of oil and 600,000,000,000 cubic feet 
of gas. 


INTRODUCTION AND LOCATION 


The Ventura Avenue oil fields has only recently come into prominence 
as an oil-producing area, although the field has been producing oil for 
more than 1o years. The new general interest in this field is due to the 
greatly increased production in the past two years and the extreme depth 
and great thickness of the oil zones. 

The Ventura Avenue oil field is situated on both sides of Ventura 
Avenue, the main highway leading from the.city of Ventura to the Ojai 
Valley. The field is 2} miles north of the city, in the Ventura River valley. 
This field, which has been so slow in development, will probably be one of 
California’s great oil and gas producers. It has been the privilege of the 
writer to watch its development, from a field of 6 wells, producing 345 


t Read before the Association at the San Francisco meeting, March 23, 1928. 
Manuscript received by the editor, April 4, 1928. Reprinted, with modifications, from 
Bulletin Amer. Assoc. Petrol. Geol., Vol. 12, No. 7 (July, 1928), pp. 721-42. 

2 Resident geologist, Ventura division, Associated Oil Company. 

3 For previous description, see L. C. Decius, ‘Natural Gas Development in Cali- 
fornia,” Oil and Gas Jour. (June 16, 1927), pp. G-75, 76, 79, 80, 84, and 88. 
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barrels per day in August, 1921, to a production of 60,000 barrels of oil 
and 220,000,000 cubic feet of gas per day, from 72 wells in November, 1926. 
Figure 1 shows a view of Ventura Avenue oil field taken in 1928, looking 
east across Ventura River from the Shell Company’s Taylor lease to the 
Associated Oil Company’s Lloyd lease. Figure 2 shows the location of 
Ventura Avenue and Rincon oil fields on the Ventura anticline. 

To one who has not been associated with the operations in the Ventura 
Avenue field, it is difficult to realize the obstacles that nature has set in 
the path of development of this field. The hard, shifting, and squeezing 
formations must be penetrated to great depths, in the face of tremendous 
gas pressures, to reach the best producing zone. As a result of these 
difficulties, the Ventura Avenue field has the reputation of being the most 
difficult territory in California in which to complete a well. Nor is the 
task completed, for the bottom of the producing sands has not yet been 
reached, 

TOPOGRAPHY 

Although the Ventura anticline is situated in an area of relatively 
recent physiographic development, the topography gives but slight in- 
dication of the presence of a fold of such magnitude. There is no evidence 
of an anticlinal ridge, nor is there any pronounced line of uplift along the 
axis of the structure. The anticline is dissected at the surface by eleven 
stream courses varying in magnitude and direction, the most conspicuous 
being the canyon of Ventura River. Near the dome of the anticline, along 
Ventura River, the major streams cut across it at right angles without 
being affected by the geologic structure. However, streams that cut the 
anticline farther down the plunge, on either side of the dome, are in- 
fluenced by the folding, and swing in a curve around the nose of the 
structure, 

The highest elevation in the present productive area is approximately 
1,150 feet above sea-level, although extension of the field toward the east 
and west may overlap elevations in excess of 1,500 feet. The lowest eleva- 
tion in the field is roo feet, where Ventura River cuts, at right angles, 
through the anticline. 

There are approximately 300 acres of flat land in the field in the 
Ventura River valley, where the anticline is structurally the highest. The 
other goo acres of practically proved leases lie in the hills. This condition 
has necessitated cutting roads and rig grades on the steep hillsides. The 
construction program has required the moving of nearly 2,000,000 cubic 
yards of sand, shale, conglomerate, and hard sandstone for roads, rig 
grades, tank grades, and sump holes. One rig grade in particular required 
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the excavation of a 9o-foot cut and the moving of 35,000 cubic yards of 
material. 
STRUCTURAL GEOLOGY 

The Ventura Avenue field is on the structurally highest part, and 
nearly at the center of the large and perfectly closed Ventura anticline, a 
sharp and well-defined fold, approximately 16 miles long and extending 
generally east and west. It is traceable from the center of the field 8 miles 
east, to a point where it plunges into the Santa Clara Valley, and 8 miles 
west, where it enters the Pacific Ocean. Figure 3 shows a view of Ventura 
anticline 4 miles west of Ventura River. 

Figure 4 shows a view looking east into Hall Canyon and gives an 
idea of the many outcrops of the structure. 

The structure is characterized by steep dips which range from 30° to 
60° on the flanks of the anticline. East of the center of the field, the anti- 
cline has an average plunge of 3° E. for 13 miles to a structural terrace, 
whence it continues at an angle of 8° E. West of the centet of the field it 
plunges 3° W. for approximately 3 miles, and flattens for some distance, 
but no exact low point can be determined. At some point, however, within 
this uncertain area, there is a low point, for where the anticline enters the 
ocean at the new Rincon oil field the structure is again rising. 

Although the anticline is practically symmetrical, in the center of 
_ the field it is not constantly so. For example, 14 miles east of the center 
of the field, in Hall Canyon, in the vicinity of the Associated Oil Com- 
pany’s Lloyd No. tor, the axial plane has a pronounced south dip, 
amounting to 600 feet or more in 5,000 feet of depth. Beyond this point, 
toward the east, the structure seems gradually to resume its symmetry. 
West of the center of the field the axial plane dips north. 

The subsurface structure as shown by the subsurface contour map on 
the base of the Gosnell shale (Plate 1), is a nearly perfect anticline very 
similar to the one mapped by the outcrops. The plunge in both directions, 
from the apex in Ventura River and the structural terrace in Hall Canyon, 
is again noticed in the subsurface map. The steeper dips on the north 
side of the axis east of the field, which give the axial plane a hade toward 
the south, and the reverse situation west of the center of the field, are 
also illustrated by the subsurface contour map. The present proved area, 
between the Shell Company’s Taylor No. 16 and the Associated Oil 
Company’s Dabney Lloyd No. 1, shows closure of approximately 400 
feet. The other parts of the structure both east and west will show a 
ciosure of more than 1,000 feet, though not all of this will prove to be 
commercially productive. 
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The large drainage area of this structure is a contributing factor to 
the amount of oil found in the Ventura anticline. As the anticline has 
only one major dome, from Padre Juan Canyon on the west, to Aliso 
Canyon on the east, this great amount of oil is in one reservoir. The 
drainage area extends 1 mile north of the axis and at‘least 3 miles south 
of the axis for a length of 14 miles. The area on the north is cut off by a 
syncline and a fault. Though there may be a still greater area on the 
south side, this cannot be determined because of the alluvial covering of 
the Santa Clara River valley and the Pacific Ocean. 


FORMATION AND OIL ZONES 


All of the present drilling and production in the Ventura Avenue field 
is in the Pico formation (lower Pliocene) of the Fernando group (Fig. 5). 
In the Ventura region the Fernando is composed of the Saugus and the 
Pico formations, which have a total thickness in excess of 15,000 feet in 
the vicinity of the Ventura anticline. The strata penetrated consist of 
fine- to coarse-grained sand ranging from loose-running sands to extremely 
hard sand, sandy shale, and a lesser amount of blue, gray, and brown 
shale, in much of which Foraminifera are plentiful. The predominating 
sediment found in the lower oil zones, however, is a medium-to-fine sand 
that grades in many places into a very fine or “flour” sand. 

Six different producing zones in the Ventura Avenue field are known, 
but at only one point (the Gosnell shale zone) is there a definite marker 
between them. The difference in the quantity and quality of the produc- 
tion and the areal extent of the zones are the only criteria for differentiat- 
ing them. Even at the Gosnell shale zone it is not everywhere possible 
_ to differentiate because many parts of this zone are sandy. An approxi- 
mate correlation may be determined from a study of the F oramintfera. 

The first evidence of petroleum to be found is a gas zone on the crest 
of the structure and extending from a depth of 300 feet to 1,600 feet in 
fairly loose sands and sandy shales. This zone, although of no economic 
value at present, was once capable of supporting small commercial gas 
wells producing possibly 2 barrels a day of 56° Bé. gravity oil. It is now 
dooded and gives nothing more than approximately 1,000 barrels of 
salt water per day. This zone is of historic interest, however, on account 
of the fact that here the first clew to the oil deposits lying beneath was 
discovered. 

Below the gas zone, the upper “‘Light-Oil” zone is gradually encoun- 
tered, but with no marked change in lithology from the sands and sandy 
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shales of the gas zone. This zone was originally capable of producing wells 
of approximately 150 barrels of oil varying from 48° to 52° Bé. gravity, 
with as much as 1,500 barrels of salt water and 200,000 cubic feet of gas. 
The zone extends from 1,600 feet to 2,600 feet in depth, although the best 
oil production occurs from 1,900 to 2,500 feet. Thé upper “‘Light-Oil”’ 
zone is now flooded with water, and very little oil is obtained from it. 
There are 3 wells in this zone whose present [February, 1928] average pro- 
duction is 13 barrels of oil varying from 48° to 52° Bé. gravity, 10,000 
cubic feet of gas, and 270 barrels of water per day. . 

_ Below this zone, and overlying the Gosnell shale, is the lower ‘‘Light- 
Oil” zone. It consists of 200 feet of loosely consolidated sands and sandy 
shales, originally capable of producing wells of approximately 50 barrels 
of oil varying from 39° to 42° Bé. gravity and 100 barrels of water per day. 
This zone is also no longer of economical importance, as there is no pro- 
duction from it at present. 

The Gosnell shale horizon, which consists of an irregular shale body 
streaked with sandy shale and sands, whose maximum thickness is 200 
feet, is between the lower ‘‘Light-Oil” zone and the upper ‘“‘Heavy-Oil”’ 
zone at a depth of approximately 3,000 feet in the center of the field. This 
horizon is the best marker in the field but in places is so sandy that it 
cannot be distinguished from the other zones, thus rendering correlation 
difficult. 

The upper “Heavy-Oil” zone occurs below the Gosnell shale. It con- 
sists of 500 feet of sands and sandy shales, streaked with shale. This zone 
originally gave rise to wells not exceeding 150 barrels of oil varying from 
30° to 31° Bé. gravity, 1,000,000 cubic feet of gas, and 60 barrels of salt 
water per day. The upper ““Heavy-Oil” zone has probably been damaged 
to some extent by infiltrating water, although an effort has been made to 
protect it by cementing a string of casing above and below, and mudding 
the zone as it was penetrated. At present there is no production from this 
zone, but at some future time, when oil is not so plentiful as it is to-day, 
it will probably pay to drill wells for production from this zone on the 
top of the anticline. 

The lower “Heavy-Oil” zone, immediately below the upper “Heavy- 
Oil” zone and extending for 800 feet with a similar lithological character, 
is capable of supplying considerably larger wells having initial productions 
of as much as 1,900 barrels of oil varying from 29° to 30° Bé. gravity and 
as much as 4,000,000 cubic feet of gas per day. It is free from water on 
top of the structure; but edge water, especially in the upper part of the 
zone, is encroaching on the flanks. 
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The deepest and richest of the zones has been named the Lloyd zone." 
It has been so designated because discovered in the Associated Oil Com- 
pany’s Lloyd 9A. It comprises all of the oil zone below a point 1,300 feet 
below the base of the Gosnell shale, and to the present explored depth of 
3,920 feet below the Gosnell shale, thus having a known thickness of 2,620 
feet. Lithologically it is similar to the ““Heavy-Oil” zones, but is charac- 
terized by its greatly increased productivity over any of the other zones 
previously mentioned, and by its considerably greater areal extent. How- 
ever, in some of the wells now being drilled on the edge of the field, edge 
water is noticed in the top part of the Lloyd zone. 

The Lloyd zone has supplied wells with initial productions of as much 
as 5,700 barrels of clean oil per day, and gas wells on the top of the struc- 
ture have shown initial gas productions of 45,000,000 cubic feet per day 
and initial flow pressures as high as 1,100 pounds per square inch. This 
zone is entirely free from water, except as previously mentioned on the 
edge of the field. 

Further drilling will demonstrate greater thickness of the Lloyd zone 
and the Pico formation, below which probably productive Miocene forma- 
tions lie. If oil sands are found in the Miocene formations, as they have 
been found in three of the Los Angeles Basin oil fields, substantial produc- 
tion may be expected from these sources. 

The Modelo shale of Miocene age is considered by most geologists 
as the generating series for the oil in the Ventura field. It is thought that 
this oil originated in the organic Modelo shale and migrated into the over- 
lying Pico formation. 

During the process of upward migration, the heavier constituents 
were left in the lower strata while the lighter hydrocarbons migrated into 
higher members. Another theory advanced by a few local geologists is 
that the oil originated in organic shales within the Pico formation and 
accumulated in the adjacent or overlying sands, the lighter constituents 
accumulating in the upper sands of the structure. It may be that both 
were contributing factors in the accumulation of oil and gas in the Ventura 
anticline. However, the lack of exposures of Pliocene organic shale renders 
the latter explanation less tenable. 


HISTORY OF DEVELOPMENT 


The drilling of a water well in 1885, on the property of A. D. Barnard, 
now the General Petroleum Corporation’s Barnard lease, brought about 


tf, W. Hertel, ‘Ventura Is One of California’s Greatest Oil Fields,”’ Oil Weekly, 
Vol. 44, No. 11 (March 4, 1927), pp. 47 ff. 
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evidence relative to the possibilities of oil in this locality. This well was 
drilled to a depth between 200 and 300 feet, where brackish water, a small 
amount of gas, and scum of light-gravity oil were encountered. This was 
a Surprise, as oil and gas at that time were not expected anywhere except 
near the great seeps in other parts of the county. Barnard erected a sign 
near the well with the following inscription, “Oil, Gas, and Salt Here.” 
. This was a source of amusement to passers-by for some time, none of 
them realizing that some day this very spot would be surrounded by oil 
derricks. 

In 1898 R. B. Lloyd and E. A. Rasor, who had had geological ex- 
perience in the Fullerton field, mapped the Ventura anticline. In spite of 
Lloyd and Rasor’s favorable report on the field, no development work was 
commenced. Some time before this, two men by the name of Carpenter 
and Steinbeck bought the oil rights to all the property in the Rancho 
Ex-Mission San Buena Ventura, except that of tract “R,’”’ which later 
became the Lloyd ranch. Tract “‘R” was discarded as valueless by these 
men, because the anticlinal theory of oil accumulation had few followers 
at that time and because everyone was interested in the faulted structures 
where the oil seepages occurred. 

In 1902 the new Weldon Oil Company drilled its Hartman No. 1 in 
Sec. 22, T. 3 N., R. 23 W., S. B. & M. This well was drilled near the axis 
of the anticline a short distance east of the dome but reached a depth of 
only 750 feet. Some gas was encountered, but mechanical difficulties 
caused abandonment of the well. 

Later, in 1903, interest was again directed to gas seepages in the 
Ventura River bed near the dome of the structure, which caused the 
Ventura County Power Company to drill a well in Sec, 28, [aN eas 
W., to a depth of 4oo feet, thereby discovering a shallow gas zone. Nine 
wells in all were drilled shortly after this to depths ranging from 400 to 
800 feet, for the purpose of supplying gas for domestic use in Ventura and 
Santa Paula. Although the productions of these wells varied from 10,000 to 
15,000 cubic feet of gas per day and a barrel or two of oil of 56° Bé. gravity, 
the large amount of water in the wells, and the difficulty in drilling them 
in the river bed with primitive cable-tool rigs, caused the abandonment of 
the enterprise, and Ventura returned to the use of artificial gas. The casing 
of some of these old gas wells may still be found in the Ventura River bed, 
and on top of the water in all of them is found a small amount of high- 
gravity oil. In spite of the actual production of gas from the structure, it 
was with difficulty that any capital could be secured for oil prospecting 
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in the field. In 1913, however, Ralph B. Lloyd was able to interest J. B. 
Dabney and E, J. Miley of the State Consolidated Oil Company. 

In January, 1914, Lloyd No. 1 was spudded in by the State Consoli- 
dated Oil Company. After many difficulties, this well was drilled into the 
upper “Light-Oil” zone at a depth of 2,558 feet, at which depth, in July, 
1915, the well blew out, wrecking the derrick and spraying gas, oil, and 
water. Though this ruined the well as a producer, it definitely established 
the presence of oil in the Ventura anticline. 

About the same time that the State Consolidated Oil Company com- 
menced on the Lloyd lease, Lloyd and Dabney commenced drilling on the 
Taylor lease, west of Ventura River. This partnership, using the facilities 
available at that time, drilled 3 wells, but none of them below 1,000 feet 
because of inability to cope with the heavy gas pressures. After their 
unsuccessful efforts, Lloyd and Dabney transferred their leases to the 
Shell Company of California in June, 1916. 

Later, other wells were drilled into this light zone, some of which 
produced for a time. One produced as much as 100 barrels per day. Great 
difficulties were experienced in attempting to produce from this zone 
because of lack of a suitable clay, or shale, in which to cement a water 
string to shut off the large flow of upper water. It also was found that 
water occurred within the oil zone, which soon became flooded. Also, 
excessive gas pressures in this zone made drilling very hazardous, as 
several severe gas blow-outs occurred during the drilling. The wells blew 
out, destroying the rig and subsequently forming craters varying from 
75 to roo feet in diameter, full of oil, mud, and water, with the gas con- 
tinuously bubbling through them. One well, upon being shut in, broke out 
at the surface 400 or 500 feet from the well, where a geyser of water, mud, 
oil, and gas shot into the air 8 or ro feet, until again released at the well. 

With improved drilling methods and a better understanding of local 
conditions, an important advance was made when the Shell Company 
was able to drill its Gosnell No. 1 through the Gosnell shale into the upper 
“Heavy-Oil” zone at a depth of 3,495 feet in April, rg19, and gave the field 
a 135-barrel producer. But this zone contained water; and, as the wells 
were costly, they were not great money-makers. Therefore, after drilling 
a few wells to this zone with no better success than that of the first ven- 
ture, the Shell Company prospected further. This time, after cementing 
off the water and oil in the upper ““Heavy-Oil” zone, the Shell Company 
drilled into the top of the lower ““Heavy-Oil” zone, and in November, 
1921, brought in a clean well in Taylor No. 3 at a depth of 3,737 feet, with 
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an initial production of 400 barrels per day. This was followed by greater 
successes through the deeper penetration of the lower zone. When, in 
March, 1922, the Shell Company’s Gosnell No. 3 was brought in, at 3,855 
feet, it was a 939-barrel producer. The Associated Oil Company, which 
had acquired the State Consolidated Oil Company’s property in June, 
1920, brought in Lloyd No. 5 in October, 1922, at 4,051 feet, a 1,9Q00- 
barrel well, which had penetrated the lower “Heavy-Oil’” zone a little 
more than 300 feet. Several wells were drilled into this oil zone, and a 
few satisfactory wells were completed, extending the known thickness of 
the lower ‘““Heavy-Oil” zone to 800 feet. 

In spite of the satisfactory producers in the lower ‘““Heavy-Oil” zone, 
the operators in the Ventura field were not satisfied; and in January, 
1925, the Associated Oil Company brought in Lloyd No. gA at 5,150 feet, 
producing from 700 feet of the lower ‘““Heavy-Oil” zone and from 300 feet 
of the Lloyd zone. This well made 4,639 barrels of oil of 30° Bé. gravity, 
with less than 1 per cent water, and with 15,000,000 cubic feet of gas. 
This was more than double the production of any previous well in the 
field. Three years after completion, this well was still flowing clean oil 
at the rate of 250 barrels per day, having produced more than 1,000,000 
barrels of oil in the first 22 months of its existence. 

It has been followed by many producers from the Lloyd zone, which 
has now been prospected to a depth of 2,600 feet, and the bottom not yet 
reached. To date this zone has given the field 108 producers varying in 
production from 1,000 to 5,700 barrels and ranging in depth from 4,700 
feet to 7,100 feet. 

Besides the deeper penetration of the Lloyd zone, another important 
development was the completion of Lloyd No. ror in Hall Canyon, by 
the Associated Oil Company in March, 1926. This well was a 1,600- 
barrel producer at 5,392 feet and extended the field a mile beyond the 
limits of production at that time. With the extension of the field toward 
the west by the Shell Company’s Taylor No. 16, and on the east by the 
Associated Oil Company’s Dabney-Lloyd No. 1, the field at present shows 
a proved area 3 miles long and ¢ mile wide at the widest point, and its 
size will probably be considerably increased. 

The leases in the Ventura Avenue field have been held in large blocks 
by the Associated Oil Company, Bolsa Chica Oil Company, General 
Petroleum, Petroleum Securities Company, and Shell Company. Until 
1925 the Associated Oil Company, General Petroleum Corporation, and 
the Shell Company were the only operators in the field, Since then the 
Bolsa Chica Oil Company and Petroleum Securities Company have taken 
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leases on the flanks of the structure. At that time these latter holdings 
seemed doubtful of production, but they are now rewarding these opera- 
tors in good measure for their efforts. Beyond the limits of production 
down the plunge of the anticline on the east in Sexton Canyon, 4 miles 
from the center of the field, the Milham Exploration Company drilled a 
well to 7,092 feet without obtaining any important showings. This seems 
to limit the field on the east, although deeper drilling may discover produc- 
tive sands. On the west the Associated Oil Company drilled its Taylor 
No. 1-A in Diablo Canyon, 23 miles from the center of the field, to a depth 
of 5,215 feet, with no important showings. Deeper drilling, however, may 
prove the structure productive at this place. On the north, G. J. Magen- 
heimer drilled a well to 7,320 feet, with no commercial production secured. 
This seems to limit the field in this direction. However, the Star Petrole- 
um Company is drilling a well east of the Magenheimer well, which may 
extend the field in that direction. On the south flank of the field, south 
of the Petroleum Securities Company leases, the M. K. T. Oil Company 
is drilling a well which may extend the field down the south flank. 


PRESENT STATUS OF FIELD 


The field at present [February, 1928], is producing from 113 wells 
approximately 57,000 barrels of oil that has a gravity varying from 29° to 
31°, 253 million cubic feet of gas, and 4,500 barrels of water per day. 
This shows a daily average per well of 504 barrels of oil and 1,885,000 
cubic feet of gas. Of the present 113 producing wells in the field, 102 are 
flowing and 11 pumping. There are 52 wells 6,000 feet or more in depth, 
18 are 6,500 feet or deeper, and 5 wells more than 7,000 feet. The average 
depth of the 113 wells is 5,650 feet. 

Since November, 1926, when the peak of 60,000 barrels per day was 
reached, the production in the field has remained between 50,000 and 
60,000 barrels per day, except for the months of May to August, 1927, 
when the field was shut in 334 per cent to curtail overproduction (Fig. 6). 

Production per acre is at present rather difficult to estimate because 
the field has much proved area as yet undrilled. However, the General 
Petroleum Corporation’s 12}-acre Notten lease gives an idea of the pro- 
ductiveness of the sands in the Ventura Avenue field. This lease is near 
the center of the field, which is almost completely drilled except in zones 
below those already discovered. At present it shows a recovery of 330,000 
barrels per acre and should ultimately produce 375,000 barrels per acre. 
The field as a whole, within the zones now known, can not be expected to 
run as high as the Notten lease as there are some parts that are not nearly 
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so productive, but the field should give an ultimate production of more 
than 200,000 barrels per acre. 

An analysis of Ventura Avenue crude oil by Egloff and Morrell! shows 
the following properties: 


Tah EC Lg 4 ALIS Cape rth ETE SELON OLA, OAR co 20 use 
PRIMO MAIS COSE Vial Ug fal om, get ecec see tya, s esed on Neb Sass oi eas 14 Sec. 
Ole DME are ae Laas eae Park citle hc Pe cee hee 22 abe 
ES MUL wets et es cat he Sse irsetiny so Sumer wl cia: Ths «bias I per cent 


Percentage 


GASOliITe ween Tee: Cr ret Tait ethers MeL EE ont. Be 31.0 
IGLOS GIT Capen Mee BNO metered tity ney he Re Se ETN EN Sol ips 
(CER OU y.6 ok ose’, S ge & Sat ene de ee IE TOC er ett ae ee te 19.8 
ILablovekeretabaverCoyll Gy Cheer te one hts MacRae me eurmeer eek ,) ae 12.3 
VEEN CaN GAV aA ED te GER eed REN Se cE Ate er ROR ee nee 27 
PitchebOLtOMSanmemmn tye ics ane uAs Pete tio tre eae As Day ehaken. © 25.0 
NWVEVEEIE:. 6 ahs 5. Sighs Sed toner ec er cmanecich ck creer en lac: akan ee eer oe 2.0 


It was further stated that experiments showed a possible yield of 
68.6 per cent gasoline from the crude by combined topping and cracking 
operations. 

The oil is taken out by pipe lines to the Pacific Ocean at Ventura, 
where it is loaded on tankers, either from the wharf or through a sub- 
marine pipe line laid on the ocean bed a half mile into the sea. 

The gas-oil ratio in the Ventura Avenue field at present [January, 
1928] is slightly less than 4,000 cubic feet per barrel of oil. In the earlier 
history of the field the gas-oil ratio was approximately 1,000 cubic feet 
per barrel but has gradually risen to the present figures. 

The gas-oil ratio of the wells depends approximately on their position 
on the structure, being greatest in those near the top of the structure, de- 
creasing in the wells farther down the flanks of the fold. 

Although the wells of greatest gas-oil ratio are on the axis of the anti- 
cline, they are approximately 3,000 feet east of the dome of the anticline. 
Thus the gas crest and the structural crest do not coincide. Some wells 
near the top of the structure have had gas-oil ratios as high as 30,000 cubic 
feet per barrel of oil, and others on the flanks of the anticline show as low 
as 500 cubic feet per barrel of oil. 


1 Gustav Egloff and Jacques C. Morrell, ‘Refining of Ventura Avenue Crude,” 
Oil and Gas Jour., Vol. 26, No. 8 (July 14, 1927), p- 130. 
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The general analysis of the gas in the Ventura Avenue oil field is as 
follows: 


Percentage 
Methane: nc acorn aoacoehin oe ae DORE CEE ieee ae 83.0 
LORD avs 1 See PR ay ORE AMON MEIN cP nc eat Beh A PH A fale. tt 3 AC) 
Propane Or Heavied \..e.0 7 tat een ete Wee eee ee eee 4.0 
Carbon idioside. ote hah aes, eee ree laws? 0.8 
Oxygen hydrogen) andenitrogense meer kee ee On2 


Gasoline is extracted from the gas at absorption plants on the leases. 
Approximately 1 gallon of gasoline per 1,000 cubic feet of gas is recovered. 


TABLE I 
P Average 
Production Number 
Yea rt Day 
(Barrels) (Barrels) | of Wells 

LO PAevio eas eee Teo ditls 3 I 
Wotan Tes SS 

TOUS ae ee 18,949 52 4 
“Rota leew 20,149 

TOMO mn avataniceee ales 40, 285 Ilo 4 
Rotalaesrsc: 60,434 

TO 20st cee 106, 737 319 8 
otal pasar LOW We 

TO 2K, Sans eee ee 132,440 363 12 
Rota leer 299,611 

ORI Sn bic conte Bete 710,987 1,948 18 
Mo taller 1,010,598 

RUPE na Wichavae the I,409,1IO 3,861 22 
To taligres ser 2,419,708 

TOZAL eae cts ee 1,836,445 5,018 30 
Motalieaanne 4, 250, ESS 

TO 2 Ben ecco s nae 7,020,189 IQ, 233 53 
ANCE, S38 3: II, 276,342 

TOVAD)S 8:8 o Gg uke Chk 14,862,805 40,720 82 
sO ta) eee 26,139,147 

TO Titre cal Ree 17,859,688 48,931 123 
sRotal sorecty: 43,998,835 


Some of the gasoline is shipped in tank cars and trucks to different re- 
fineries, but the Shell Company has a 4-inch gasoline line to its refinery at 
Wilmington, 80 miles away. 
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A small amount of dry gas is used in Ventura and the surrounding 
towns of Santa Barbara, Oxnard, and Santa Paula. A greater amount, 
however, is taken care of by two 12-inch pipe lines with a capacity of 
30,000,000 cubic feet per day each and one 15-inch pipe line with a capac- 
ity of 50,000,000 cubic feet per day to Los Angeles, 80 miles south. Be- 
sides these outlets and the field use of the gas, there is still some surplus. 

Up to January 1, 1928, the Ventura Avenue oil field had produced 
nearly 44,000,000 barrels of oil. Table I shows the production of the field 
by years to date. 


FUTURE DEVELOPMENT 


Future production depends upon the extension of the field beyond its 
present limits, upon the rapidity with which the controlling companies 
drill, and upon the depth to the oil sands. Although the writer does not 
believe that the Ventura Avenue field will ever have a phenomenally large 
daily production, probably never yielding 100,000 barrels per day, it is 
easily capable of reaching this figure with intensive drilling. Five years 
hence, however, or even ten, when the depth of Pico oil sands may have 
been determined, and with possible production from the Miocene forma- 
tions, the Ventura Avenue field will still be a factor in California’s oil 
production. The ultimate production cannot be predicted with any 
degree of certainty, but it may be safely said that it will be more than 
250,000,000 barrels of oil and more than 600,000,000,000 cubic feet of gas. 


SUPPLEMENT* 


The chief development in the Ventura Avenue field subsequent to the paper 
given before the San Francisco meeting on March 23, 1928 was the completion 
of the M. K. & T. Oil Company’s Foster No. 1 on July 4, 1928, at a depth of 
5,736 feet, with an initial production of 2,040 barrels of 29° gravity oil per day. 
This well is at present (May, 1929) flowing at the rate of 450 barrels per day. 

The completion of this well, which was 700 feet down the south flank of the 
structure from the farthest south producer at that time, proved practically the 
entire acreage of the Petroleum Securities Company. This caused the Petroleum 
Securities Company and the Pacific Western Oil Company, which purchased the 
Orton and Willett leases from the Petroleum Securities in November, 1928, to 
enter into an extensive drilling program on their property and this led to an 
offset campaign by the Shell Oil Company. 

This drilling program resulted in maintaining the field production at a level 
which made the year 1928 the peak year of production to date in the Ventura 


t May 24, 1929. 
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Avenue field, with a production of 18,994,659 barrels of oil, giving the field a 
total production of 62,993,495 barrels of oil to January 1, 1929. 

Due to the completion of a considerable number of good wells in April and 
May, 1929, the peak production was reached in May, 1929, with a production of 
more than 63,000 barrels per day. However, as this resulted from the completion 
of several wells at one time, and from a conservation program now in effect in 
California, it is not expected that this amount of production will be maintained 
very long, but that the field will soon again maintain a production between 
50,000 and 55,000 barrels per day, as it had for some time previous. 

The field has been extended 800 feet westward from Taylor No. 16 by the 
Shell Oil Company with the completion of Taylor No. 23 with an initial produc- 
tion of 1,557 barrels per day and Taylor No. 34 is now being drilled 800 feet 
west of Taylor No. 23 to attempt to extend the field farther west. However, the 
east end of the field has not been extended, and the drilling has shown that the 
field is practically limited on the east by the Dabney-Lloyd No. 1 except for ex- 
tremely deep drilling. 

The Star Petroleum Company’s well on the Canet property about a mile 
northeast of the Dabney-Lloyd well was abandoned as a dry hole at a depth of 
607/73 Leet. 

There are several wells being drilled that may or may not extend the field 
beyond its present limits. The most promising of these wells is the Percy No. 1, 
on the M. K. & T. Oil Company’s lease, being drilled by the Associated Oil Com- 
pany. This well is 400 feet south of the M. K. & T. Oil Company’s Foster No. r. 
It encountered oil sand at 6,914 feet and is still drilling in shale and oil sand at 
7,400 feet which should make a producer. 

Seven hundred feet south of the Percy No. 1 the Penn-Kan Oil Company is 
drilling on the Francis lease, but at a depth of 6,900 feet has not as yet en- 
countered showings of any consequence. 2 

East of Ventura River, on the north flank of the field, the Petroleum Securi- 
ties is drilling a well on the Hartman property adjacent to the old Magenheimer 
wells, on the theory that the deep well drilled by G. J. Magenheimer deviated 
down the north dip, thus failing to get substantial production. 

West of Ventura River, about 2,000 feet north of the nearest producer on the 
north flank of the structure, the Shell Oil Company is drilling its Taylor-Lloyd 
No. 1 in an attempt to extend the field in that direction. 

Another attempt for production is being made on the eastern end of the 
anticline by the Federal Petroleum Company, drilling a well 3,000 feet south of 
the abandoned Milham Exploration well at 7,092 feet. 

The field has been extended a short distance south and west, but no wells 
have penetrated sands deeper than those mentioned in the preceding paper, so 
that the total thickness of the oil zone is not yet known. 

The future of the Ventura Avenue field will probably be very much in ac- 
cordance with the statement in the preceding paper. At present the outlook 
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seems to point to a production of more than 20,000,000 barrels of oil for the year 


1929 and a yearly production between 15,000,000 and 20,000,000 barrels for 
several years to come. 


TABLE II 


Casinc Data, VENTURA AVENUE 


Outside Diameter 


Weight in Total 


Fits eh ne Depth ie Ae Company Well 
ee Ty Ste 61 | 4,500 | 137.2 | Associated Oil Percy No. 2 
Dae Ache hie aes Ae 54 | 4,500 | 121.5 | Pacific Western Oil | Willett No. 5 
TOs tee cette, 45 4,700 | 105.7 | Associated Oil Lloyd No. 58 
Oath a ete ee 45 6,660 | 149.8 | Associated Oil Percy No. 1 
£2: Drees tin ye ee 36 | 6,465 | 116.5 | Shell Oil Gosnell No. 30 
Oe Papeete at: 26 | 6,906 | 89.8 | Associated Oil Lloyd No. 100 
fas at A oh eee 22 8,006 88.1 | Pacific Western Oil | Willett No. 5 
TABLE III 
PRODUCTION, IN BARRELS, VENTURA AVENUE 
Year Production Ayersee per peeate of 
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ELK HILLS, KERN COUNTY, CALIFORNIA* 


J. R. PEMBERTON? 
Los Angeles, California 


ABSTRACT 


The first drilling for oil in the Elk Hills commenced in 1910. The first well to pro- 
duce oil was completed in June, 1911, at a depth of 4,000 feet. At the end of June, 1928, 
the total production was 96,199,914 barrels. The surface beds, aside from alluvium, 
belong to the Tulare formation of uppermost Pliocene age and are divided into upper, 
middle, and lower zones, altogether 730 feet of fresh-water sand, marl, and clay. The 
subsurface beds are thicker and, in addition to the lower Pliocene, include Miocene 
formations. Maricopa diatomaceous shale (Miocene) is supposed to be the source of 
the oil. Surface structure, reflected by topography, is an elongate dome with closure of 
450 feet. Subsurface structure much steeper than the surface indicates a closed dome in 
the eastern field, in the western field, and in the Hillcrest area. Anticlinal conditions 
have influenced the accumulation of the oil and gas; but sand conditions, more than 
position on structure, have influenced the volume of production. 
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HISTORY OF DEVELOPMENT 

Drilling commenced in the Elk Hills in r9ro. Eleven holes were 
drilled, and, aside from minor showings of oil and gas in some of these 

1 Read before the Pacific Section of the Association at the Los Angeles meeting, 
November 1, 1928. Manuscript received by the editor, October 23, 1928. 

2. L. Doheny interests. 

3 Ralph Arnold and Harry Johnson, ‘““McKittrick-Sunset Oil Region,” U. S. Geol. 
Survey Bull. 406 (1910); ‘Natural Gas in the Elk Hills,” California State Min. Bur. 
(1919); R. W. Pack, “‘Sunset-Midway Oil Field,’ U. S. Geol. Survey Prof. Paper 116, 
(1920); C. C. Thoms and F. M. Smith, ‘Notes on the Elk Hills Oil Field,” California 


State Min. Bur. (1920); and L. W. Saunders, “‘Recent Developments in the East End 
of the Elk Hills Oil Field,” California State Min. Bur. (1925). 
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holes, no production was found. The first well actually to produce oil 
was the Associated Oil Company’s No. 1 in Sec. 26, T. ZOcOweR 2a) be 
which was completed in June, 1911, at 4,000 feet. One other well in 
Section 28, same township, came in as a gas well, and 20 dry holes were 
also drilled in that year. No further drilling was done until 1919, when 
the Standard Oil Company completed a 233-barrel well in its Hay No. 1 
in Section 36, same township. Most of the drilling activity up to this 
time centered about the middle of the Elk Hills, but the following year 
the Standard Oil Company completed the first good oil well in its Tup- 
man No. 1 located in Sec. 36, T. 30 S., R. 24 E., 6 miles east of the original 
Hay No. 1. This well came in, February 12, 1920, producing 5,420 barrels. 
It naturally started considerable activity, and 17 more wells were com- 
pleted in this eastern area during 1920, with an average initial production 
of 3,925 barrels. Twenty-two wells were also completed in the western 
pool during 1920. During the following year 94 wells were drilled, of 
which only 7 were dry holes. In 1922, 62 wells were completed, with no 
dry holes. 

At the end of June, 1928, the total production of oil in the Elk Hills 
was 96,199,914 barrels. 

PHYSIOGRAPHY 

The Elk Hills are 28 miles southwest of Bakersfield, Kern County, 
California (Fig. 1). They form a practically isolated topographic unit 17 
miles long, east and west, and 7 miles wide at the widest part, rising out 
of the floor of the San Joaquin Valley. The elevation at the eastern end 
is 300 feet, and at the western end, goo feet above sea-level. The highest 
elevation is 1,551 feet. The aspect of the hills viewed from a short dis- 
tance is that of an exceptionally regular topographic dome intricately 
dissected by minor gulches and arroyos (Fig. 2). The topography is of the 
extremely youthful type and is all of post-Pliocene age. On the southern 
margin the smooth slope of the hills is broken by some steep secondary 
ridges extending approximately parallel with the main axis. There are 
no gulches longer than 4 miles, this being the greatest distance from the 
higher central points to either margin. 


GENERAL GEOLOGY 


Thrusting from the southwest has deformed the sediments on the 
west side of the San Joaquin Valley into innumerable folds with many 
faults roughly parallel with the axis of folds (Fig. 3). The basement com- 
plex of granites and allied rocks is exposed 25 miles south of the Elk Hills 
and probably underlies the oldest sediments rather close to the surface 
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miles southwest. The deformation on the west side of the 
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fault which strikes northwest 20 miles southwest of the Elk Hills. The 
folds are farther apart and simpler farther away from the San Andreas 
fault, and the Elk Hills is the last fold exposed toward the San Joaq 
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Fic. 2.—Aeromap of Elk Hills, California, showing Naval Reserve No. 1. Scale in miles. 
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Valley. Because of recognized overlaps and unconformities in the Ter- 
tiary sediments, it is known that this folding had its inception early in the 
Miocene and probably continued intermittently until the Pleistocene. 
All of the Pliocene beds are deformed, and the present structure of the 
entire area was probably completed after the Pliocene. 


STRATIGRAPHY 

Aside from alluvium surrounding the Elk Hills, the only exposed 
rocks belong to the Tulare formation of uppermost Pliocene age. These 
beds are the equivalent of the Paso Robles formation of the Salinas Valley 
and the uppermost part of the McKittrick group of Arnold and Johnson 
in the San Joaquin Valley. The Tulare formation consists of loosely con- 
solidated gravels, gray, buff, and chalky sands; sandy shales, shales, 
marls, and clays, all of fresh-water origin. Approximately 730 feet of 
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Fic. 3.—Cross section A-A’-A”’ of Figure 1, from Temblor Range north across 
Elk Hills. Depths shown in feet. 


beds are exposed by erosion. This thickness may be divided into three 
groups. 

1. The upper zone, ranging from 250 to 300 feet in thickness, is com- 
posed of tawny clay-shales with minor parts of sand and sandy shale near 
the top but grading into reddish and buff gravels and sands, in all of 
which fragments of Maricopa (Miocene) shale form a prominent part. 
The base of this zone has a persistent bed of reddish, heavy-bedded sand- 
stone which was used as a key bed in plane-tabling the surface structure. 
This zone is exposed on the higher hills along the crest of the axis and on 
the ridges extending westward from the west end of the hills and on the 
lower flanks in nearly an unbroken belt surrounding the hills. 

2. The middle zone contains buff and grayish banded shales, sandy 
shale, and clays in which gypsum is prominent and sands nearly absent ,— 
no red colors. This zone is 210 feet thick. The beds of this zone are 
exposed throughout the Elk Hills except where covered by those of the 
upper zone or where erosion has cut through them into the lower zone. 
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3. The lower zone consists of nearly white and grayish clays and 
marls in which beds are very persistent and easily recognized. The beds 
of this zone are exposed only in the deepest gulches, where a maximum 
thickness of 215 feet has been measured. They have also been examined 
in a core taken from one of the minor sharp folds on the south flank of the 
hills. 

Logs of wells and core samples indicate that the unconsolidated fresh- 
water sediments have a thickness ranging from 2,000 feet in the eastern 
end of the Elk Hills to 1,500 feet in the western end. One thousand feet 
below the base of the Tulare formation is a zone of uniquely widespread 
fossiliferous beds containing Ammnicola, Ostracoda, and a strange fossil, 
called Scalez, which resembles a fish scale but which is supposed to be the 
operculum of a shell-less gastropod. The Ammicola-Scalez zone has been 
found in all parts of the Elk Hills where coring was done to locate it; also 
in the Buena Vista Hills, a similar structural unit 6 miles southwest of 
the Elk Hills; and in many places in the San Joaquin Valley as far as 50 
miles toward the north. This particular fossil zone has been accepted in 
later years by petroleum geologists and engineers as indicating a point 
1,000 feet below the top of the Etchegoin formation of lower Pliocene age. 

The Etchegoin formation in the Elk Hills, although nowhere exposed, 
is shown by cores to consist predominantly of blue shales and sandy blue 
shales with many sands. The shales near the base are brown. There is a 
zone of sand beneath the Scalez zone in the eastern end of the Elk Hills 
which forms the principal producing oil sand of the area. Oil is found in 
the western producing area as deep as 2,750 feet below the Scalez zone 
but has not been tested to such a depth inside the producing area of the 
eastern field. 

The full thickness of the Etchegoin formation is not known in the 
Elk Hills. The deepest well, 6,240 feet, probably penetrated 3,000 feet be- 
low the Scalez horizon, yet did not encounter recognized Miocene beds; 
thus, it seems probable that the Etchegoin is more than 4,000 feet thick. 

Beneath the Etchegoin occur the Maricopa diatomaceous, silicious 
shales of Miocene age. This formation is known from measured sections, 
where exposed in the Temblor Range on the west, to range from 2,000 to 
7,000 feet in thickness, but is commonly considered to be 5,000 feet thick. 
It is supposed to be the source of the Elk Hills oil. 


SURFACE STRUCTURE 


The surface structure (Fig. 4) is plainly evident in good exposures 
throughout the area and almost parallels the topography. Dips north, 
west, and south are slightly steeper than the slope of the hills, but toward 
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the east the dip is slightly less than the slope. The highest structural 
point corresponds exactly with the highest hill. The structure of the 
Elk Hills is a smooth elongate dome whose apex is at a point one-third 
the length of the hills from the west end. The axis trends along a line 
slightly south of the center line of the hills, this location being due to a 
longer north limb caused by lower valley floor on the north side. The total 
closure is only 450 feet, but the plunge eastward amounts to 1,250 feet, 
and toward the west, 700 feet. 

This great dome is interrupted on its south flank by four small sharp 
anticlines with axes inclined approximately 20° away from the axis of the 
main hills and diverging eastward. The westernmost of these small folds 
has a closure of 300 feet, but the writer was unable to find closure in the 
other three folds, although the U. S. Geological Survey party, under 
W. P. Woodring, did find closure. Near the northwest margin of the hills 
is another small, sharply closed fold with nearly 75 feet of closure. 

Faults of appreciable displacement are not in evidence anywhere 
on the surface. Rifts several miles long were detected in aerial photo- 
graphic maps. When examined on the ground, these seemed to be nothing 
more than very slight tensional slips. All are on the northern flanks, or 
valley side, where drag against the uplift would be the longest. Two sub- 
surface faults of 200 feet displacement, discovered in drilling, have no 
surface expression other than synclinal sag on the alignment of the fault. 

Average dips on the north flank of the Elk Hills are approximately 
3° near the axis but are as steep as 6° near the flanks. The minor anti- 
clines have dips as steep as 70°, although most of the dips range from 35° 
to 45°. The eastward plunge of the main axis is approximately 3° from 
the central part of the hills and the same westward from the highest 
structural point. Between these two points there is a flattening of the 
axis with an east dip ranging from 1° to 2°. 


SUBSURFACE STRUCTURE 

The subsurface structure (Fig. 5) is known only where wells have 
been drilled since the discovery of commercial oil. The logs of wells drilled 
before that time are of no service in delineating the subsurface structure. 

The subsurface structure has been determined by using the Scalez 
bed as a marker (Fig. 6). This horizon is parallel with the producing oil 
sand of the eastern field, but in the absence of any continuous sand in the 
western field no such parallelism exists. The subsurface structure indi- 
cates a closed dome in the eastern field, one in the western field, and one 
in the Hillcrest area. 
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The subsurface structure in the eastern field is similar to that of the 
surface with the exception that the dips range from 30 to 45 per cent 
steeper. Between the high points of the eastern and western fields there 
is a difference of 500 feet in surface structural height, and a subsurface 
difference of 750 feet. It is very probable that a saddle exists between 
these two fields, but the location cannot be ascertained from either the 
surface or the subsurface structure in advance of drilling. 

The subsurface structure of the western field is a dome with more 
than too feet of closure in the area so far drilled. Further drilling will 
probably prove more closure, thus indicating a saddle between this field 
and the Hillcrest dome, the highest surface structural point in the hills. 


FAULTING 


Two prominent faults have been discovered in Sections 25, 26, 34, 
and 35 in drilling in the eastern field. These are normal faults with a 
downthrow of 200 feet on the north or down-dip side. They strike north- 
east at an angle of nearly 45° from the main axis of the Elk Hills dome. 
They have no effect on production unless a well is completed in the fault 
plane itself, under which condition the hole is dry. Their extent is not 
known in advance of further drilling. They were probably caused by 
settling, following the uplift, on the valley side of the Elk Hills, and are 
thus similar to the minor surface rifts discovered along the lower flanks 
by means of the aerial photographs. 

A third fault may extend across the north part of Section 1, although 
it is not definitely known. It seems to have a maximum displacement of 
70 feet in the middle of the west line of Section 1 but diminishes to only a 
slight displacement in the northeast corner of that section. Its existence 
in Section 31 is not known. The displacement is the reverse of that on the 
two larger faults, the low side being on the south. A fourth fault may 
exist near the east side of Section 2 inasmuch as there is an oil sand con- 
taining oil of lighter gravity between this possible fault and the fault in 
Section 1. This productive sand is barren on either side of the supposed 
faults. There is also a difference in the production of wells in the main 
sand on either side of the fourth possible fault, the wells on its west side 
being much smaller. 

It seems highly probable that many such faults will be discovered 
eventually in the slightly consolidated sediments of the large uplift of 
the Elk Hills. 

OIL SANDS 

Oil sands and sandy shales saturated with oil occur in the eastern 

field in a zone ranging from 150 to 200 feet in thickness. In 181 wells the 
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average thickness of saturated oil sand is 36 feet, and of saturated sandy 
shale, 45 feet. Beds of pure shale occur in the zone and separate the oil- 
bearing strata. The zone occurs directly beneath the Scalez dome and is, 
accordingly, of uppermost Etchegoin (Pliocene) age. The depth ranges 
from 2,800 to 3,400 feet, according to position with relation to structure 
and topography. 

The sand is composed of quartz, with some feldspar and a little 
amphibole and pyroxene with no mica or magnetic minerals. Seventy- 
four per cent of the mineral content is lighter than 2.9 specific gravity. 
Fifty per cent of the grains are larger than 0.3 mm. in diameter. Porosity 
determinations gave figures ranging from 24 per cent to 35 per cent, and 
it is estimated that 28 per cent is probably an average. High porosities 
were obtained from flow-box samples, and low figures from compact 
core samples. 

Another producing sand occurs in a part of the eastern field, overlying 
the Scalez horizon. Its physical characteristics are similar to the lower 
sand. 

In the western field, sand conditions are quite different from those in 
the eastern field. Here lenses predominate, and drilling in search of pro- 
lific lenses has been conducted to depths stratigraphically 1,300 feet 
deeper than in the eastern field. Few lenses are traceable beyond a few 
wells. Differences in gravity of the oil also indicate a lack of interconnec- 
tion of these lenses. The average penetration below the Scalez horizon of 
the 56 wells which have been drilled here is 503 feet, of which an average 
of only 11 feet is pure oil sand and 160 feet is sandy shales carrying oil, the 
remainder being barren shale. Some oil also occurs above the Scalez 
horizon. 

Enormous gas wells have been completed in this field in sands as 
shallow as 1,800 feet, which are stratigraphically 800 feet above the 
Scalez horizon. 

Studies of the physical properties of the productive sands from the 
western field were not made because drilling has not been done there for 
some time and no samples are available. 


RELATION OF STRUCTURE TO ACCUMULATION 


It is obvious that accumulation of oil and gas is induced by anticlinal 
conditions. With the exception of dry holes located exactly in fault zones 
in the eastern area, no dry holes have been drilled inside the field. Sand 
conditions influence the volume of production more than position on 
structure, and future development will be confined to a search for favor- 
able sands. 
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On the subsurface structure map of the eastern area (Fig. 5) it is 
noticed that production occurs in a zone which plunges approximately 
goo feet eastward in a distance of 2} miles, and that the top of this zone 
is 750 feet lower than the highest point in this zone in the western area. 
This would give a vertical enrichment of 1,600 feet if the lowest contour 
were to mark production around the entire field. This is obviously not 
possible because of the existence of numerous dry holes inside the location 
of such a contour. Thus the eastern area is defined by accumulation in 
favorable sands on the nose of a large dome, and the sands must pinch . 
out toward the west. Initial and ultimate per acre production in the 
western area is so much lower than that in the eastern field that it might 
almost be stated that the accumulation came from the east and that the 
western dome contains the oil which has flowed past the spilling point on 
the eastern dome. The gas in this field and in one well on the Hillcrest 
dome also supports such an idea. However that may be, the productive 
sands and the most of the oil are in the eastern end of the Elk Hills, and 
the highest structural points of the hills are not nearly so productive, at 
least in levels so far tested. 

In this part of California, productive beds have been encountered at 
depths of more than 1,000 feet in the Miocene, the top of which has not 
yet been discovered in the Elk Hills but is thought to be at a depth of 
approximately 6,000 feet in the eastern field. Thus, there are strata worth 
testing to depths of at least 7,000 feet. Oil, if obtained in these zones, may 
follow other rules for accumulation; and possibly the true crest, or Hill- 
crest dome, of the Elk Hills dome may carry this deep oil. In the Hill- 
crest dome the Miocene probably occurs at a depth of approximately 
5,000 feet, if the known rate of convergence in the east continues west- 
ward. 

The minor anticlines on the south flank of the hills have not been 
tested, but it is probable that some production may be found in the 
westernmost of these as it is the largest and most certainly closed. 


GRAVITY AND PHYSICAL CHARACTERISTICS OF OIL 


In the eastern area the gravity of the oil varies from 14.4° to 26.9° Bé. 
In more than half of the productive area and in more than three-fourths 
of the oil produced, the gravity is higher than 21° Bé. The oil of lower 
gravity is found on the north and east margins of the productive area, and 
the oil of highest gravity occurs in the wells located structurally highest. 

In the western area the range of gravity is from 21.3° to 53.9° Bé., 
and the average is approximately 34°. Because of different depths at 
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which wells are completed, it is impossible to make any generalizations 
relative to the influence of structure on gravity. Many wells produce 
from several sands, and this fact further complicates the problem. 

_ Great variation in physical character naturally occurs in oil ranging 
in gravity from 14.4° to 53.9 Bé., both in gasoline or other refinery cuts 
and in viscosity. The oils range in color from black to greenish black, and 
the gasoline content from 8 per cent to more than 30 per cent. Two grades 
are present, one of naphtha base and the other of mixed asphalt and 
paraffin base, the former being of lower gravity and carrying the lowest 
percentage of gasoline. The sulphur content in all of the oil is less than 
I per cent. Not enough information is available to classify wells accord- 
ing to base of oil or to make any statement relative to sands which 
cause these divergent qualities. 

Very little is known concerning initial, closed pressures of wells be- 
cause wells were never closed. Casing pressures as high as 1,000 pounds, 
with tubing pressures up to 400 pounds, have been recorded in wells 
flowing through a 3-inch bean. Fittings manufactured to resist 1,500 
pounds of pressure have been broken by gas wells in the western area. 
Calculated hydrostatic pressure on sands at the Scalez horizon in the 
western area is 1,000 pounds, and in the eastern field, 1,375 pounds. 

The temperature of oils when they reach the surface varies from 100° 
to 115° F. in flowing wells. In pumping wells, a lower temperature exists, 
probably because of loss of heat in the tubing. These temperatures are 
approximately normal for San Joaquin Valley fields. 


DRILLING AND PRODUCTION METHODS 


All wells are drilled with standard California rotary practice. No sur- 
face casing is required. A string of either 1o-inch or 84-inch casing is 
cemented above the oil sand, and a 6}-inch string, perforated through the 
oil sand, is run to the bottom. The tubing used is 3-inch, and wells are 
pumped on the walking-beam by individual steam engines. Considerable 
cleaning-out has been done with standard tools. Hot oil has also benefited 
some of the older wells when circulated into the oil sand. 


PRODUCTION STATISTICS 


Table I gives total oil, water, and shut-in production for the Elk Hills 
by years. The interesting fact is the rather constantly increasing water, 
which is encroaching on the east end of the eastern area and to some 
extent on the southeast end. The shut-in production of late 1922 and 1923 
was economic and caused by the gusher fields of the Los Angeles Basin 
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bringing a flood of oil on the market. The shut-in figures for 1925 and 
1926 were the result of operators’ agreements, and the figures for 1927 
and 1928 are increased because of wells closed by government orders on 
Naval Reserve lands. 

Tables II and III show the range in production of some of the best 
wells and some of the poorest in both fields. 

There are at present 328 producing oil wells, of which 26 are shut in. 
There are also 9 gas wells, 2 of which are practically shut in. 


TABLE I 
PRODUCTION IN ELK HILis 


(In Barrels) 


Year Total Oil Produced | Total Water Produced Toe eee 
EOLO Men re eee ics 254,730 ° ° 
rile Lon Beet vicar neh eens 6,074,103 6,204 ° 
MOQ tier ates iets 17,990,462 30,791 ° 
TO22 tc gs ae otal once II, 604,314 134,085 3,091,481 
TQ 23 vain wen Wal eR gare 8,087,549 64,971 6,302,276 
HCO) orcs sab alerts Seka foe 13,530, 234 557,212 343,030 
TO hens ates ty eer eee eC II,971,149 734,515 2,026,785 
EQ2 Ou ae ee ees hans 12,202,754 I,036,134 3,900,900 
G4 ge tsa beaten a a 10,073,073 1,560,127 4,976,550 
TO 285th owtheve ete ita Ae 4,321,540 ? 15,3807 

Total, to June 30, 
TO ZS: tweak esa OO3TOO; OTA «i lnac Caaeinn ek Siomrstersll ie ot ck ate a hoes oe 


* Figures obtainable only for first half of 1928. 
t Daily. 


Wells are spaced so as to allow 8 acres per well. Based on the produc- 
tion so far obtained in some of the best wells, recoveries up to 200,000 
barrels per acre are indicated, but the average is only a fraction of this 
amount. Small wells, such as the Pan-American Petroleum Company’s 
Greeley No. 1 in the western field, have an indicated ultimate recovery of 
approximately 65,000 barrels, or a little more than 8,ooo barrels per acre. 
The total area actually producing is approximately 3,100 acres. From this 
area the total production up to June 30, 1928, was 96,200,000 barrels of 
oil, or approximately 31,000 barrels per acre. The present daily produc- 
tion is 22,000 barrels, and there are 15,380 barrels daily shut in. It would 
be justifiable, therefore, to estimate an ultimate recovery, based on these 
figures, of approximately 43,000 barrels per acre, or an ultimate for the 
3,100 acres Of 133,300,000 barrels, of which 96,200,000 has already been 
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produced, this being based upon no further drilling or deepening of old 
wells. 

Without going into the controversy over the Elk Hills, the following 
statistics give an insight into the actual status of the Naval Reserve 
lands. 


The first commercially productive well was completed on January 5, 
1919, in the western field. On February 12, 1920, the first gusher well 


TABLE II 


PRODUCTION OF TyprcaL WELLS, WESTERN FIELD 


Standard Oil Com- | Pacific Oil Company’s es heme coe 
pany’s Hay 1 Carman 3 pany’s Greeley 1 
NSOGALION SE sero ke ea Rie. ee 30-30-23 36-30-23 36-30-23 
Completed peers... eae Jan. 5, 1919 Jan. 30, 1920 Jan. 1 ,1920 
SE Aloe ait ea tae wk ee 230. 1,800 530 
CASI ere ee wae oes hy. Seeil eme lean Tt aM os 84-inch, 2,335 
OilFh ori ZOn Seeree ee aM e Oe Al MN ee apie ely WA cued can, Roniee 2,655-2,900 
OYE Tea o: Ne Ro salar A aD Ae a cl 39.3° Bé. 
Year:|| 
TO LO itp ae arcane uiesares, atkac tone TOO; 2 50 ee Wh Sucasitoatea tops aster clinch ane ore = one 
LO ZO wash wake oe 56,067 230,631 35,909 
TOR Ge, Ai Gud lots Qantas eee Rae 28, 320 50,443 55339 
OPP ais dunes. ae Gemma ear 17,676 21,798 5,281 
NCP Sh hah vont eres Deacics MeRE 12,611 12,199 Bao 72 
TOQAC APE Ae ee ke ee tess oe Data unavailable | Data unavailable 2,406 
LOZ SRA eee er oh GS coe Data unavailable | Data unavailable 1,806 
2 Osea re rece eet ce ts Seas rn Shut in 17,080 1,781 
OO 7 MI ae Mica os Sag Shut in 15,540 1,491 


* Section; township, south; range, east. 

{ Initial production in barrels. 

{ Depth, in feet, at which casing indicated was set. 
§ Depth, in feet, of oil horizon. 

|| Production in barrels. 


was completed in the eastern field. Up to September 30, 1921, 21,657,403 
barrels of oil had been produced almost entirely by the Standard Oil 
Company of California, but none of this came from Naval Reserve land. 
On that day the first well on Naval Reserve land was completed with a 
production of 108 barrels per day. The government was slow in protecting 
its lands against drainage. Drilling on Naval Reserve land continued 
until receivers were appointed for the wells on March 17, 1924; and up 
to March 31, 1924, the total Elk Hills production amounted to 48,355,338 
barrels, of which 8,679,681 barrels came from the Naval Reserve. As of 
June 30, 1928, the figures are 96,199,914 barrels from the Elk Hills, of 
which 31,705,478 barrels came from Naval Reserve lands. Table IV gives 
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the number of producing wells at present on the several classes of land. 
There are 69 producing wells on Naval Reserve land and 26 wells which 


TABLE III 
PRODUCTION OF TYPICAL WELLS, EASTERN FIELDS: 


Standard Oil Com- 


Pacific Oil Com- 


= 


Pan-American 
Petroleum Com- 


Union Oil Com- 


pany’s Tupman 1 pany’s No. 22 pany’s No. 1G pany’s No. 5 

Wocationge see 36-30-24 35-30-24 2=31—-24 26-30-24 
Completediane =: Feb. 12, 1920 | July 26, 1920 Sas 23, 1922 | Aug. 12, 1924 
Dea oe caeecnencne 5,420 4,889 1,350 600 
(Casing: lene eee to-inch, 2,702 | 84-inch, 2,680 81-inch, 2,887 | 84-inch, 3, 230 
Horizon§....... 2 »778- Dr 828 2 TAOm Sir 2,QO0-5 ,030 3301-3 ,397 
(Gravity, eee 25.4° Bé. 26.4° Bé. 24.8° Bé. 17.3° Bé. 
Year:| 

TO 20s pecs 1,563,918 {oy Hae eB otter tetera clare | AG a dod oma ah & 

LOD. wc 259,006 2AN, SET 0 Vier steiertcis so 51,659 

1922...5..... 145,583 91,835 232,450 145,644 

LO 23h srreer eos 22,890 16,615 284,432 72,475 

(shut in) (partly shut 
in) 
LOQY Serer reef Data unavail- | 21,470** 235,504 47,047 
able (partly shut 
in 
1925 Data unavail- | 34,860** 203 ,665 18,768 
able i 
LO20e eee ie: S77 OOOuD 36,870** III, 481 9,651 
MON os 68a Ga -o¥ 52,482** 36, 298** 14,788 (shut 6,755 
in March 24, 
1927) 


* Section; township, south; range, east. 


{ Initial production in barrels. 
t Depth, in feet, at which casing indicated was set. 
§ Depth, in feet, of oil horizon. 


|| Gravity of oil. 


§ Production in barrels. 
4k Estimated from daily averages. 


—— 


TABLE IV 


PropuciInGc WELLS AND LAND CLASSIFICATION 


Oil wells..... 
Gas wells..... 


Private LAND 


U.S. LEASED 
LAnp 


Inside Limits 


Outside Limits 


Outside Limits 


NAVAL RESERVE No. 1 


of Naval Reserve|of Naval Reserve|of Naval Reserve] Producing Shut in 
No. 1 No. 1 No. 1 
42 140 51 69 26 
(ME ee errs ie yee a See 8 ols os whee 2 


are shut in. There are 233 producing wells on private land and govern- 
ment-leased land outside the Naval Reserve (Fig. 5). 
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The present daily production is approximately 22,000 barrels, of which 
10,180 barrels comes from Naval Reserve land and 11,820 barrels from 
the remaining 233 wells. There is a shut-in production of 15,380 barrels, 
of which about half is on the Reserve. 


PROBABLE ULTIMATE PRODUCTIVE AREA 


An estimate of the area that will probably prove productive leads to 
the conclusion that the eastern field may include approximately 5,600 
acres and the western field approximately 2,100 acres, a total of 7,700 
acres. Of this area, 4,040 acres lie inside the Naval Reserve, or, stated in 
another way, 3,600 acres are privately owned or government owned, but 
outside the Reserve. The Hillcrest area, west of the western field, em- 
braces a closed dome of unknown extent which has been tested in Sec. 28, 
T. 30 S., R. 23 E., to a depth of 1,661 feet, resulting in a gas well. There 
is probably oil to be found here, but estimates of the size of the productive 
area would be mere guesses at present. The minor folds on the south and 
west borders of the hills may furnish some production, and buttress sands 
may be discovered on the north flank. 


LONG BEACH OIL FIELD, LOS ANGELES COUNTY, 
CALIFORNIA’ 


D. C. ROBERTS? 
Los Angeles, California 


ABSTRACT 


Long Beach, located in the Los Angeles Basin, has produced more oil than any 
other field in California in the seven and one-half years since its discovery. A new sand 
was found in 1927 and exploited in 1928. Because of the location of the field in a city, 
a very rapid, competitive drilling campaign has followed the discovery of each succes- 
sive Oil zone. The present campaign has led to the preparation of a state report, an 
abridgment of which is presented as a typical example of one of the prolific anticlines of 
the district. 


INTRODUCTION 


It is intended in this report to cover the developments in the Long 
Beach oil field during the period of four and one-half years that has 
elapsed since October, 1923, when the last report on this field was pub- 
lished by the Department of Petroleum and Gas of the California State 
Mining Bureaus A contour map of the lower Brown zone is presented 
in Figure 1, and a cross section in Figure 2. 

Surveys of several of the deep wells show that many of them are ex- 
tremely crooked as compared with a theoretically vertical hole which is 
the assumption and basis of correlations to determine structure. One of 
these surveys is shown in Figure 3. 


Reprinted by permission of R. D. Bush, state oil and gas supervisor, San Fran- 
cisco, from Summary of Operations, California Oil Fields (May, 1928). The original 
article has been condensed, and discussion of districts has been omitted, because of the 
impossibility of reproducing large folded maps and sections. Additional material on 
the relation of petroleum accumulation to structure has been added by Mr. Roberts 
with permission of Mr. Bush. The earlier history has been abstracted from the reports 
of 1922 and 1923 by the editor.—S.P. 


2 Petroleum engineer, Department of Petroleum and Gas of the California State 
Mining Bureau. 


3 Summary of Operations, California Oil Fields, Vol. 9, No. 4; also Vol. 7, No. ro. 
See also: Ralph Arnold and Wayne Loel, ‘‘New Oil Fields of the Los Angeles Basin, 
California,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 6 (1922), pp. 303-16; A. T. Schwen- 
nesen, R. M. Overbeck, and H. H. Dubendorf, ‘The Long Beach Oil Field and Its 
Problems,” ibid., Vol. 8 (1924), pp. 403-23. 
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Fic. 2.—Cross section A-A (Fig. 1) southwest-northeast through Long Beach oil 


field. Modified from Plate V of Long Beach oil field in Summary of Operations, Cali- 
fornia Oil Fields (May, 1928). 
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HISTORY, 1921-23 


The Long Beach field is in the 
northern limits of the city of Long 
Beach, approximately 2 miles from 
the Pacific Ocean, and in the south- 
eastern part of Los Angeles County. 
It occupies a region of slight eleva- 
tion, the highest point, Signal Hill, 
being 364 feet above sea-level. It has 
produced more oil than any other 
field in California. 

On June 25, 1921, the Shell Com- 
pany completed the first oil well, 
with an initial production of approxi- 
mately 500 barrels of 22°-gravity 
oil. The location was made as a re- 
sult of geological work by the Shell 
Oil Company. By the end of 10922, 
on account of town-lot drilling, the 
field was nearly 3 miles long and } 
mile wide. More than 2,500 feet of 
oil-bearing formations without any 
water had been developed in the 
center of the field, and the amount 
of perforated casing in most of the 
wells ranged from 1,000 to 2,000 feet. 
Three oil zones were recognized: the 
Wilbur, at a depth of approximately 
2300 feet, 200-250 feet thick; the 
Alamitos, 250 feet below the top of 
the Wilbur and 650-700 feet thick; 
and the Brown, 675 feet below the 
top of the Alamitos and 2,500 feet 
thick. The Brown zone was discoy- 
ered in June, 1922, and proved to be 
more prolific than the higher zones. 


Fic. 3.—Survey of A. T. Jergins Trust’s 
Well No. 15, Long Beach oil field. 


A 1S A PROJECTION ON LINE X-X OF THE PLAN 
B 1S A PROJECTION ON LINE Y-¥ OF THE PLAN 
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The status of wells and production as of November 1, 1923, was as 
follows: 


Daily average production, in barrels: .¢..:-.. 0. ...72 225,000 
Number ot:producing: wellsit.5. aan te ee 272 
Average daily production per well, in barrels............... 037 
Total production to November 1, 1923, in barrels». ..72,000,000 
Recovery per acre to November 1, 1923, in barrels....... 64, 285 


LATER HISTORY 


During 1924 the proved area of the Long Beach field was extended 
slightly toward the northwest by several wells located west of American 
Avenue, which obtained production from the lower Brown zone. The 
field as a whole changed from a flowing to a pumping field, the proportion 
of pumping wells increasing from 30 to 70 per cent. The total production 
dropped from approximately 225,000 barrels per day to approximately 
125,000 barrels per day, a decline of 4o per cent. 

The intensive drilling of the Northwest extension or Los Cerritos 
area was the most important development in 1925. The proved area was 
extended north of Wardlow Road to Bixby Road, and west of American 
Avenue nearly to the tracks of the Pacific Electric Company. On Decem- 
ber 31, 1925, 36 wells were producing north of Wardlow Road, the esti- 
mated total production for these wells being 9,000 barrels per day, or an 
average of 250 barrels per well. 

In the early part of 1925, there was some activity in the old part of the 
field whereby water troubles in many wells were corrected by re-drilling 
and plugging. As a result the production of this part of the field was kept 
fairly constant. With the increase of excitement over the Los Cerritos 
district, work in the old part of the field came to a standstill. The total 
production of the field December 31, 1925, was 108,986 barrels per day, 
averaging 175 barrels per well. 

During 1926 the drilling activities in the Northwest extension reached 
a peak, and the limits of this area were definitely established as being 
Roosevelt Avenue on the north and Lincoln Avenue on the west. The 
peak of production for this area was reached in the middle of July, 1926, 
when 18,337 barrels of oil per day was produced, an average daily produc- 
tion of 122 barrels per well. 

Considerable interest was aroused after the Carson Oil Corporation, 
in November, 1926, perforated the water string in Well No. 1 3, located 
southeast of the intersection of Brandon Street and Atlantic Avenue in 
the Northwest district. The 83-inch casing was perforated from 3,220 feet 
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to 3,300 feet, approximately 200 feet above the shut-off depth; and the 
well came in at the rate of 500 barrels per day. 

The possibilities of deeper production stimulated some deep drilling 
in the Lovelady district. The Richfield Oil Company of California drilled 
Hass No. 8, located southeast of the intersection of Willow Street and 
Orange Avenue, to a depth of 5,317 feet and obtained 2,000 barrels of oil 
per day. The Pan-American Petroleum Company drilled Chainey No. 2, 
located a little west of Hass No. 8, to a depth of 5,389 feet and plugged to 
5,262 feet, obtaining an initial production of 1,200 barrels. Several wells 
south of Grant Street and west of Enos Street were deepened with favor- 
able results. The total production of the Long Beach field December 31, 
1926, was 92,961 barrels per day, a daily average of 133 barrels per 
well. 

The early part of 1927 was characterized by little activity in the Long 
Beach field other than the abandonment of many wells in the Los Cerritos 
district and some shallow drilling along the southwest edge of the field. 
The deep-drilling campaign started intensively in October, 1927, several 
wells having been completed in the deep sand earlier in the year. Two of 
the most important of these were the Graham-Loftus Oil Company’s 
Leightburn No. 3, located just south of the cemetery on Willow Street, 
and the Pan-American Petroleum Company’s Pyle-Coffin No. 1, located 
on Summit Street east of Obispo Avenue. These two wells proved the 
existence of the deep sand in an area which extended about 13 miles along 
the structure. The Graham-Loftus Oil Company’s Butler No. 1 was com- 
pleted in the deep sand December 5, 1927, extending the proved area of 
deep sand northwest of the cemetery. 

At the beginning of 1928, many wells were drilling with the deep 
sand as the objective. The outpost deep-sand well on the western end of 
the field as of April 30, 1928, is Keck Syndicate No. 5, Well No. 3, located 
on Elm Avenue south of Thirty-first Street. Several wells have been 
drilled into the deep sand west of Atlantic Avenue, but none of them 
except Keck Syndicate No. 5, Well No. 3, are as yet commercial pro- 
ducers because of water which was located at approximately 5,630 feet in 
the Rainbow Petroleum Company’s Dutcher No. 1. At the southeast end 
of the field, the Herndon Petroleum Corporation’s Herndon No. 4 is the 
outpost commercial producer at this time. No wells have been drilled into 
the deep sand east of this location. 

At this time 73 wells have been completed in the deep sand. The 
average daily production per well is 1,315 barrels of oil (Fig. 4); 196 wells 
are still drilling. 
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LOWER BROWN ZONE CONTOUR MAP 


The lower Brown zone contour map (Fig. 1), compiled by several 
members of this department, was finally drawn up and completed by 
F. A. Graser. The basis for the contours is a shale body above the lower 
Brown oil sands, which seems to extend throughout the field. The shale 
bed varies in thickness in short distances and is not found in the log of 
every well, but it is so consistently conspicuous in the logs of most wells 
that its absence in a few can be disregarded. Much of the information 
from which this map was prepared was derived from a study of a peg 
model and numerous cross sections. An area southwest of the fault zone 
has not yet been contoured, but it is hoped that the information obtained 
from the new wells now drilling will make it possible to complete the 
contouring of the sands underlying this area. 

As a result of the work done in preparing this map, it was found that 
what has been known as the ‘Wilbur’ sand is the upper part of the 
Alamitos sands, and is so considered in this report. The Alamitos zone 
is approximately 650 feet thick at the top of the structure, and its sands 
gradually lense out, the upper sands having the smallest areal extent. 


FAULT ZONE 

The existence of a fault extending northwest and southeast was 
indicated by the results obtained in drilling for upper Alamitos zone pro- 
duction in the vicinity of Thirty-first Street and Pasadena Avenue. The 
top of the productive horizon was located at 3,228 feet in the Stevens 
Drilling Company’s Poppy No. 1, and the sand became known as the 
Poppy sand. Several wells were drilled along a northwest-southeast line 
approximately too feet northeast of Poppy No. 1, but none of these wells 
encountered the Poppy sand, indicating that they were drilling where 
different conditions exist. The wells which failed to find the Poppy sand 
at this location are the Petroleum Company’s Well No. 2, the Stevens 
Drilling Company’s Steve No. 2, and J. E. O’Donnell’s O’Donnell No. 50. 

The core samples from practically all of the deep wells drilled along 
this line were found broken, and in some wells completely crushed, in- 
dicating a fracture zone along this line and in its near vicinity. Of course 
the core sample may reflect only a local condition and may not be reliable 
as a basis for determining structure; but where the formations, cored at 
approximately the same depth in several wells along a general line, are 
found shattered, this may be interpreted to indicate a fault zone. 

Several wells drilled on the south side of the field failed to encounter 
any of the deep-sand production, finding only gray sands. The deep- 
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sand formations dip very steeply on this side of the field, some of the 
core samples showing dips as great as 80°. These wells which failed to 
find the deep sand probably drifted down-dip, thus failing to penetrate 
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the oil-bearing sands; or they may have been cut off by the fault. These 
wells are located in practically a straight line. Five wells, drilled south 
of this line, encountered the deep sand; these wells are the McKeon 
Drilling Company’s Thorne No. 1, the Dabney-Johnston Oil Corpora- 
tion’s Well No. 4, the State Company’s Well No. 1, George F. Getty’s 
Well No. 18, and the Shell Company of California’s Cherry Hill Com- 
munity No. 5. Of these, only the Dabney-Johnston Oil Corporation’s Well 
No. 4 is completed to date. It is open to a zone from 5,146 to 5,515 feet 
and is now producing 873 barrels of oil per day, cutting 12 per cent emul- 
sion. That these wells are encountering oil sand at these locations may be 
attributed to the fact that they are crooked holes, their bottoms being 
north of this line. It would be very interesting to know what a survey of 
these holes would show. 
MIOCENE CONTACT 


The exposed formations are of lower San Pedro age. Their thickness 
ranges from 1,000 to 1,300 feet. They are unconformably underlain by 
the Fernando formation of Pliocene age, which contains the oil and gas 
zones. 

Miocene micro-fossils have been found in several wells according to 
some paleontologists. Geologists and paleontologists for the largest oper- 
ator in the field can find no definite Miocene markers in the formation 
samples that they have investigated. 

According to those who believe they have located the Miocene hori- 
zon, an intermediate zone, approximately 400 feet in thickness, composed 
of seemingly re-worked material, lies between the lower Pico and the 
top of the true Miocene. The following is a résumé of the investigation 
of the core samples taken from several wells: 


Richfield Oil Company of California’s Hass No. I4: 
5,700-5,823 feet: sponge spicules, fish remains, and fragments of pectens— 
intermediate zone 
5,823-5,952 feet: shale pebbles and samples of diatoms indicating Miocene 
Richfield Oil Company of California’s Kelly No. r: 
5,474-5,729 feet: lower Pico Foraminifera at 5,474 feet; no definite fossils 
between 5,474 feet and 5,729 feet—intermediate zone 
5,729-5,756 feet: Miocene Foraminifera 
Pan-American Petroleum Company’s Chainey No. 2: 
5,390-6,160 feet: lower Pico Foraminifera common throughout. Notice 
that this well is located only 100 feet southeast of Kelly No. 1 
Richfield Oil Company of California’s Hoffman No. 1: 
Only sample, 5,252 feet: lower Pico fauna 
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Superior Oil Company’s Crew 2-A: 

5,594-5,802 feet: typical intermediate-zone fossils 

5,802-6,107 feet: Miocene fossils 
Richfield Oil Company of California’s Booth No. 8: 

Sample from 5,862 feet contained a few Miocene fossils 
George F. Getty’s Well No. 6: 

5,103-5,842 feet: lower Pico fossils 

5,842-5,962 feet: intermediate zone; no Miocene fossils found 


Exactly what is the productivity of this lower, possibly Miocene, sand 
cannot be stated, as there are not sufficient data available to make a 
satisfactory comparison of the production obtained from wells producing 
from only lower Pico and those producing from both lower Pico and 
Miocene together. No well is producing exclusively from this lower, 
possibly Miocene, sand at this time. 


CROOKED HOLES 


Several wells have been surveyed by Alexander Anderson,! whose 
apparatus and methods of surveying wells are accepted generally as 
accurately showing the drift of bore holes. These surveys have shown that 
most of the wells surveyed are very crooked, some having drifted more 
than 1,000 feet from the vertical. They also indicate that the tendency 
is to drift toward the axis of the structure rather than down dip. Some of 
the holes were found to be spiral. 

A copy of Anderson’s survey of the A. T. Jergins Trust’s Well No. 15 
is presented (Fig. 3) to show how these crooked holes make it difficult 
to correlate by ordinary methods. The only way a crooked hole can be 
correlated accurately is by first making a survey to determine the drift 
of the hole and then applying proper corrections for this drift. 

By referring to the survey of the A. T. Jergins Trust’s Well No. 15, it 
is noticed that the vertical distance from the derrick floor to the bottom 
of the hole is actually 5,096 feet instead of 5,132 feet as measured by the 
drill pipe. Also, the hole drifted 360 feet, mostly in a northeasterly 
direction, or up-dip, when the reported depth was 5,132 feet. In other 
words, the bottom of the hole is actually approximately go feet higher on 
the structure than it appeared to be before making the survey. This is 
considered to be a fairly straight hole in comparison with most of those 
surveyed. 

During the deep-drilling campaign many unexplainable inconsist- 
encies have been encountered, such as the problem of two wells located in 


1 Mining and petroleum engineer, Fullerton, California. 


72 D. C. ROBERTS 


the Hill district, across the street from each other. At the same drill-pipe 
depths one of these wells cored a formation with a very steep dip, while 
the other cored what appeared to be the same formation with practically 
horizontal bedding planes. This difference may reflect simply a local 
condition, having no bearing on the general structure, or it may be due 
to crooked holes. Neither of these holes has been surveyed. 


RELATION OF PETROLEUM ACCUMULATION TO STRUCTURE 


The structure of the Long Beach field is that of an asymmetric 
anticline the axis of which trends southeast and northwest. In the north- 
west end of the field the axis curves toward the north, where the structure 
flattens into a terrace. A fault truncates the southwest side of the struc- 
ture, with an uplift on this side of approximately 350 feet. 

The production obtained from wells on the south side of this fault 
seems to be more prolific and stable than that obtained from wells on the 
main structure. It may be that this is due to the fact that the beds dip 
more steeply on the south side and that a greater amount of the sand is 
actually exposed to production in the wells drilled in this locality, or it 
is quite possible that the oil has been trapped in the sands because of the 
displacement of the formations there. 

The wells drilled in the center of the anticline ordinarily have large 
initial production, but they seem to decline with great rapidity, partly 
because 1,000-2,000 feet of formation is usually left open, thus exposing 
the oil to “thief sands” which absorb it. Some of the wells drilled on the 
very top of the anticline have failed to show an initial production of more 
than 300 barrels per day, although drilled in accordance with the same 
program as wells in the same area which had initial productions of more 
than 2,000 barrels a day. Such inconsistencies are very difficult to explain, 
and though many engineers have puzzled over this question, no satis- 
factory explanation can yet be offered. 

Cores of the formations on the axis of the structure show the beds to 
be broken and fractured and to vary from horizontal in one well to vertical 
in the adjoining well, indicating that there has been great stress exerted 
during the folding of the beds. This fracturing may have opened the sands 
so as to allow the oil to migrate into barren sands, which resulted in the 
depletion of the oil-bearing sands. Another explanation of some of the 
inconsistencies in the production obtained from wells drilled on top of the 
structure may be the facts that in the early days of the development of 
the field many wells were drilled to a depth of more than 5,000 feet in 
this area and that there was little or no attempt made to maintain a 
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proper gas-oil ratio in flowing wells. This resulted in a loss of energy 
which might have been utilized to obtain a much greater ultimate re- 
covery. 

On the north side of the structure the beds have a more gentle dip, 
and water troubles are much more inherent in the deep sand. The Rich- 
field Oil Company of California’s Hoffman No. 1 is the only well that has 
produced consistently from the deep sand in this part of the field, and 
many offer the “crooked-hole” explanation for this. 

The deep sands on the northwest end of the structure have not yet 
been prospected. It is possible, if the sands are productive there, that 
they will be found to be thin and not highly productive, as is the condition 
in the Brown zone sands, in that part of the field. 

The southeastern part of the structure plunges off steeply. The pro- 
duction obtained there from thetleep sand is very large in wells near 
the axis, but is very small in the extreme southeastern part of the field 
where the average daily production varies from 200 to 300 barrels. 


CONCLUSION 


The peak of the deep-sand drilling campaign should be reached during 
the latter part of May, 1928. One hundred and ninety-six wells are now 
drilling to the deep sand, and most of them have cemented the top-water 
strings and are down at least to the Brown zone horizon. 

It is estimated that the production will reach a peak of nearly 200,000 
barrels per day during June, when most of the present drilling deep wells 
will have been completed. This prediction is based upon the present 
average daily production of 96,000 barrels from 73 deep wells, equivalent 
to 1,315 barrels per well per day. The consistency with which big. pro- 
ducers continue to come in, and the great thickness of nearly virgin forma- 
tions available to sustain production from immediate marked decline 
regardless of the number of completions, are considered sufficient justifi- 
cation for the prediction of a 200,000-barrel peak. 

The possibilities of finding the deep zone in the Los Cerritos district 
have hot led any of the operators to drill for it as yet. This zone probably 
exists, but whether it thins out, as the lower Brown sands do, is a question 
that can be answered only after a well is drilled through it. It would 
probably be necessary to drill to a depth of approximately 6,000 feet in 
order to encounter the deep-zone horizon, and the memories of the Los 
Cerritos disaster in the Brown zone are still fresh in the minds of the 
operators. They are waiting until the drilling of the Northwest district 
has proved the existence of the deep sands in the vicinity of Wardlow 
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Road and American Avenue before risking money in drilling a deep well 
in the Los Cerritos area. 

In the Southeastern district, the Herndon Petroleum Corporation’s 
Herndon No. 4 located the top of producing sands at 5,420 feet, and this 
indicates that there is a very good chance that the deep sand may be 
found to extend some distance southeast of this location, and the field 
may be extended somewhat in that direction. ; 

At this time the deepest producing well in the field is the Shell Com- 
pany of California’s Martin No. 4, producing from depths ranging from 
5,263 to 7,060 feet. The Richfield Oil Company of California’s Denni No. 
6 is being completed at a depth of 7,401 feet. No well has yet been drilled 
to a depth below which there is no possibility of finding additional oil- 
bearing formations. The ultimate vertical footage that can possibly be 
obtained cannot be estimated from any available data. Predictions of 
10,000-foot wells are only conjectures on the mechanical feasibility of 
getting a well on production at that depth. Although a depth of 10,000 
feet does not seem mechanically feasible at this time, improvements in 
machinery and methods during the next few years may make much 
greater depths attainable than are now possible. In 1921 a depth of 7,000 
feet was not considered feasible. There is great danger in drilling to these 
great depths even on top of the structure, if the formations are not cored 
continuously, as several operators can testify. Even when cored, the well 
may produce water, as not all cores show the presence of water, especial- 
ly where it occurs in a lean oil sand. 

The Long Beach field produced 258,606,450 barrels of oil from June, 
1921, when it was discovered, to December 31, 1927, from 1,350 acres, 
equivalent to a recovery of 191,560 barrels per acre. These figures include 
little production from the deep zone as most of the deep-zone wells were 
completed after January 1, 1928. 


SURFACE STRUCTURE, FLORENCE OIL FIELD, 
FREMONT COUNTY, COLORADO: 


RONALD K. Dr FORD: 
Roswell, New Mexico 


ABSTRACT 


_ The Florence field occupies a strip 3 miles wide on the eastern limb of a geosyn- 
cline. The oil occurs in fissures in the Pierre shale. The general dip throughout the 
field ranges from 2° to 5° westward. The eastern boundary of the field is a steep mono- 
cline that brings the productive beds to the surface. The western boundary coincides 
approximately with the occurrence of a heavy sandstone overlying the Pierre shale. 
Possibly the removal of the sandstone allowed the fissures to open and the oil to ac- 
cumulate. Thus the accumulation may be as recent as present topography. ‘ 


INTRODUCTION 


The Florence oil field, in Fremont County, south-central Colorado, is 
named after the town of Florence, which stands on the south bank of 
Arkansas River 10 miles below Cafion City (F ig. 1). Two miles west of 
Cafion City the river emerges from the Royal Gorge, a deep and narrow 
breach in the eastern granite rampart of the Rocky Mountains, and flows 
east across the upturned edges of sedimentary formations dipping steeply 
eastward. Not far below Cafion City the dip reverses and the beds dip 
gently toward the west, forming a syncline. The Florence field occupies 
a part of the eastern limb of this syncline, extending from the town of 
Florence southward 8 miles. 

The structure of the surface beds was mapped in 192 5 with the as- 
sistance of Louis W. Cramer. No study of well logs has been made; nor 
is it thought that such a study would be justified, because of the lack of 
traceable markers in the Pierre shale. A brief description of subsurface 
occurrence of oil is taken from Washburne.3 

Mapping of the west side of the field was on members of the Trinidad 
sandstone; of the east side on thin, reddish, limonitic, concretionary beds 


* Presented by title before the Association at the Tulsa meeting, March 26, 1927. 
Manuscript received by the editor, July 24, 1928. Published by permission of The Mid- 
west Refining Company, Denver, Colorado. 


* Geologist, The Midwest Refining Company. 
3 See bibliography at the end of this article, roto, first item. 


75 


76 ROLAND K. DE FORD 


in the Pierre shale. Most of these markers in the Pierre are a few inches 
thick and only a few hundred feet in length along the outcrop. The 
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Fic. 1.—Historical map of Cation City oil district. Mapped by M. C. Ihlseng. 


Canon City field had not been discovered, and its area was not 
mapped. 
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HISTORY 


The oil-producing district in the vicinity of Cafion City and Florence 
is one of the oldest in the United States. The first wells were sunk near 
a seep on the bank of Oil Creek 9 miles northwest of the town of Florence 
and 6 miles northeast of Cafion City. The early history is told in the 
charming language of M. C. Thlseng:" 

A. M. Cassidy, of Denver, . . . . was directed to the region through reading 
a book of travels by one of the early explorers—a captain in the regular service— 
who noted indications of oil in the district now called Oil Creek, about six miles 
northeast of Cafion City. Here operations were commenced by Cassidy in 
March, 1862. He sank six wells on Oil Creek to a depth of from 60 to 90 feet, 
and two as far down as 400 feet, but found oil only in the strata near the surface. 
This was pumped and crudely refined by improvised machinery, .... and 
shipped to the Denver and other markets in the Territory, where it sold readily 
at from $1.25 to $2.85 per gallon, ranging in 1864, during the disturbance of 
trade by Indian incursions, as high as $5.00 per gallon. Up to 1870, when the 
railroad and the Continental Oil Company appeared in the market, the sales 
of crude Canon oil amounted to an approximate total of three thousand gallons. 


Cassidy induced others to help him drill deeper wells on the south, locat- 
ing the first well in the valley of the Arkansas near Cafon City. The 
second test near the town of Coal Creek found oil in 1880. It was the 
first well of the Florence field, although it did not produce, and was 
abandoned because of lost tools. In the following years more wells were 
drilled by companies locally organized. Development has continued to 
the present. 
STRATIGRAPHY 

Table I gives a list of beds exposed in the vicinity of Florence and 
Cafion City from the youngest at the top to the oldest, with approximate 
intervals. 

In a section a short distance north of Cafion City the granite is over- 
lain by approximately 300 feet of pre-Pennsylvanian marine sandstone 
and marine limestones, overlain, in turn, by 1,400 feet of Red-beds that 
are arkosic except near the base, where they contain thick conglomerate 
beds of limestone boulders. These Red-beds correspond with a part of 
the Fountain formation of the Colorado Springs area, where at least the 
basal part is Pennsylvanian and the topmost part not younger than 
Permian. 

Sandstone, approximately 100 feet thick, rests on the Red-beds near 
Cafion City and grades eastward into sandy gypsum beds of similar 


See bibliography at the end, 1885. 
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thickness. The gypsiferous beds underlie the Morrison formation and, 
judged from well samples,! grade upward into the Morrison. The gypsum 


TABLE I 
Breps ExPoSED NEAR FLORENCE AND CANON City, COLORADO 


System Group Description " Dees 
Soil and alluvium 
Recent Terrace gravels 
Remnant of volcanic tuff 
Eocene Coarse conglomerate 500 
-——Unconformity 
Vermejo formation: sandstone, shale, coal] 1,000+ 
Montana Trinidad sandstone 150-200 
Pierre shale, gray 3,500 
Niobrara formation: 
Apishapa shale, calcareous, light gray 
to buff 600 
Gretacce Timpas limestone IIS 
Colorado Benton formation: 
Carlile sandstone S 
Carlile shale, black 180 
Greenhorn limestone 40 
Graneros shale, gray 240 
“Dakota” Dakota sandstone, soft and white 100 
Purgatoire shale and sandstone 240 
Disconformity 
Morrison formation: sandstones and vari- 
colored shales 310* 
Jurassic(?) Todilto(?) formation: arkosic conglomer- 
ate at Cafion City r10* 
(changing to gypsum eastward) 
Angular unconformity 
Permian(?) and 1400* 
Pennsylvanian Red-beds (arkosic) 
—Unconformity 
Mississippian Millsap limestone o-50* 
——Unconformity 
Ordovigian eee limestone r20* 
arding sandstone r25* 
Unconformity - — 
Pre-Cambrian 
Crystallines 


aN At the place measured: north of Cafion City, Sec. 30, T. 18 S., R. 70 W., and Sec. 25, T. 18 S., R. 
71 

beneath the Morrison is widespread in southeastern Colorado and north- 
eastern New Mexico, although it is not everywhere present. In many 
* Samples from the Phillips Petroleum Company’s Niles No. 1, Sec. 27, T. 16 S., 


R. 65 W., El Paso County, Colorado. The unconformity overlain by the gypsum is 
recognizable in these samples. 
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places it lies upon the Wingate (or Exter) sandstone, and in a few places 
directly upon an unconformable surface of the Red-beds. Its probable 
equivalent is Darton’s gypsiferous Todilto formation of central New 
Mexico. 

The Todilto(?) sandstone near Cafion City contains large angular 
fragments of pre-Cambrian rocks, and the Red-bed surface it rests upon 
is an unconformable one. This is illustrated a few miles south of Cafion 
City, on Grape Creek, where the sandstone rests upon successively older 
members of the more intensely folded Red-beds, finally resting directly 
upon the granite. In Webster Park, farther west and across the first 
mountain, the sandstone is missing, and the Morrison formation is in 
contact with the granite. The same unconformity is probably that 
marked by the Shinarump conglomerate of Utah and Arizona.‘ It records 
a time of great diastrophism widespread in the Rocky Mountain region— 
the greatest diastrophism between the early Pennsylvanian (or possibly 
some period still more remote) and the end of the Cretaceous. 

Whether this unconformity has any connection with the oil seeps in 
the Morrison formation and whether the oil seeps are related to the oil in 
the Pierre shale at Florence cannot be determined. Anyone who affirms 
that the oil is not indigenous to the Pierre shale, but comes from a lower 
source, might here find useful material for an alternative theory. 

The Morrison formation is approximately 300 feet thick and consists 
of varicolored shales, sandstones, and a few thin limestones. It is generally 
referred to as the unmistakable type formation of fresh-water continental 
origin. It has been a prolific source of dinosaur bones throughout the 
Rocky Mountain region. The Oil Creek seep 6 miles northeast of Canon 
City comes from the Morrison formation. Washburne? mentions other 
occurrences of oil in the Morrison in the vicinity of Florence and Cafion 
City. All these oils are heavy, black, and viscous. 

The “Dakota group” is mainly sandstone containing here only thin 
beds of black shale in the middle part. “Solid black bitumen was found 
in it near Cafion City,’’s and many seeps issue from it at different places 
in the Rocky Mountain region. It produces oil in Wyoming, northwestern 
Colorado, and northwestern New Mexico. 

The Colorado group of Cretaceous beds above the Dakota sandstone 
does not require detailed description. The Carlile sandstone is not 

1 According to R. C. Coffin, the Shinarump is the horizon of greatest unconformity 
in the Utah-Arizona country. Personal communication. 

2 Op. cit. (1910), p. 520. 

3 [bid., p. 520. 
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porous enough to permit artesian flow of water, but it has yielded salt 
water and slight showings of oil in some wells. The Timpas limestone is 
an important bed in connection with both oil migration and with struc- 
ture: its 100 feet of limestone should serve as a cap rock impervious to 
upward migration; mechanically it is competent to withstand strains and 
to transmit stresses. Above it is the calcareous Apishapa shale. “Fish 
scales are abundant in the Apishapa, and both formations everywhere 
contain much solid bitumen scattered through the pores and smaller 
joints, but none in the larger fissures.’”* 

Overlying the Colorado group is the Pierre formation, which yields 
the oil at Florence. Throughout this almost uniform body of gray shale 
occur thin reddish limonitic concretionary beds that were of great use in 
mapping. A 1,000-foot zone of the Pierre shale, approximately. 2,400 feet 
above the Carlile sandstone, contains the remarkable Teepee Buttes, 
which are cylindrical shell reefs of considerable vertical extent, comprised 
chiefly of Lucina occidentalis embedded in a calcareous matrix. Where 
exposed by erosion, they form small prominent buttes that stand like 
large Indian teepees above the level outcrop of the Pierre. In the teepee 
butte zone and above it are similar but smaller aggregates that might be 
called incipient teepee buttes. These masses, large and small, may be 
the cause of some of the crooked holes reported in the Florence field. The 
upper part of the Pierre formation contains thin sands which increase in 
number toward the base of the Trinidad sandstone. 

The massive Trinidad sandstone, which lies upon the Pierre forma- 
tion, is much the same in thickness and appearance in its entire outcrop 
west of the Florence field. Detailed mapping proved, however, that it 
mounts upward through the section in extending northward. Basal mem- 
bers of the massive Trinidad at the south end of the area interfinger with 
shale, becoming farther north the thin sandstones of the upper Pierre; 
thin sandstones and interbedded shales above the massive Trinidad 
grade into sandstone without shale and become part of the massive 
Trinidad. The Trinidad sandstone at the north end of the Florence field 
is several hundred feet higher, stratigraphically, than at the south. 

The marine Trinidad sandstone is overlain by the coal-bearing part 
of the Vermejo formation. The upper Vermejo sandstones, barren of coal, 
form the rim rock of a steep escarpment west of the Florence field, where 
the total thickness of Vermejo and Trinidad, overlying the Pierre shale, 
exceeds 1,000 feet. 


~1bid., p. 510. 
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OCCURRENCE OF OIL 


Washburne found that oil occurs in joints and fissures in the Pierre 
shale, 

The evidence consists (a) of observations on the correspondence in direction 
of the major joints observable in the rocks at the surface with the alignment of 
wells which have interfered with each other; (b) of the fact that many wells have 
been drilled within a few feet of each other without encountering oil at the same 
depth; (c) of the fact that gas struck in a shallow well often immediately ruins 


TABLE II 


YEARLY PRODUCTION OF Two WELLS, FLORENCE FIELD, IN BARRELS 


Year Well No. 85 Well No. 86 Year Well No. 85 Well No. 86 

TSO Sepcece kis alee) goo ROU Meee aaa. 170 3,000 
TOQOR A eiehrc: 14,000 22,600 RO Ee Yos. cs Rote 450 2,900 
TSO 7 Nene 9,800 IQ, 100 LOLA CS eee: 290 2,800 
TSOS cp er ae 8,300 13,600 TOLGr cee to eter 230 2,300 
TE SOO mere dens ee tiers 5,800 II, 200 TOLOd merase 230 2,400 
PQOOmn scene oi 4,200 9 , 800 EOD eee ng tas 190 2,500 
TOO LA east tees: 3,100 8,300 TOTS ayes saree 180 2,300 
OO2nm erst 2,500 7,600 TOTO ceca 160 2,100 
LOO Rene ween 2,000 7,000 TOZOnse kee eu 150 4,500 
TOOA RR ener I, 400 6,100 TO2THE A oust 220 5,000 
TQO Ss lente nes ae I, 100 5,000 TO22) pee a 117 7,000 
TOOOM A ents 1,000 4,600 TO2G pects sicae 158 6,500 
TOO Jeu ed seve tees 740 4,100 TOL 4 eee 215 7,100 
TOQOSmag ewiarete estes 760 3,700 TO2G esac carey 140 7,900 
TLOOOR Es sats eee 620 3,400 TO2O Serene at 88 7,200 
TOTO mas. eee cee 480 3,000 EQ 27s acide oe 15 5,800 
TOM epemeete ep 0c oet 450 3,000 


an adjacent well several hundred feet deeper by tapping the source of pressure; 
(d) of the fact that many wells drain adjacent wells that are very much shal- 
lower; (e) of the indications of vertical connection between the oil bodies shown 
by the marked increase in maximum pressure with depth; and (f) of the dis- 
similar pressures in adjacent wells of the same depth. 


To account for the body of oil disseminated through the Pierre shale 
and feeding the fissures, one naturally seeks the help of the irregularities— 
the “breaks’”—in the otherwise dense body of gray shale. It may be that 
the sandy zones, thin sand beds, numerous concretionary beds, possibly even 
the buried Teepee Buttes, are reservoirs for this disseminated supply. 

As atrule the wells are long lived. For example, Wells No. 85 and No. 
86 began producing in 1895 and were still producing in 1927. The approxi- 
mate figures on these two wells are given in Table II through the courtesy 
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of the Continental Oil Company. The decline during the first few years of 
the life of a well follows closely what Herold? calls “capillary control,” but 
in the later years production holds up remarkably. The decline is so slow 
that other factors cause fluctuations of the curve, actual increases in 
production during some years, instead of a steady decline. One well in 
the field produced more than 600,000 barrels. The wells finally become 
exhausted but do not go to water. 


RELATION OF ACCUMULATION TO STRUCTURE ~ 


The field is on the east flank of a somewhat complicated synclinal 
basin that lies between two major anticlinal folds, the Wet Mountains on 
the west and the southward prolongation of the axis of the Front Range 
on the east (Figs. 2 and 3). This basin is called the Cafion City embay- 
ment because it is a sedimentary indenture in the eastern side of the 
granite Rockies. Its sediments are bounded on the west, north, and north- 
east by the crystalline rocks of the pre-Cambrian; that is, by “granite.” 
Garden Park, the northern head of the syncline, is a narrow sedimentary 
trough west of the Pike’s Peak mass. The syncline plunges southward 
and widens, its main axis passing immediately east of Cafion City and 
6 or 7 miles west of Florence. On account of the steep folding on the 
western margin of the embayment, the synclinal axis lies only 3 miles east 
of the granite outcrop. Not many miles south of Cafion City the syncline 
reaches its deepest point, and rises again southward, forming the basin, 
with the youngest coal-bearing formation in the middle and the outcrops 
of older formations circling successively around it. The steep folding on 
the western margin of the embayment changes southward to an overthrust 
of the granite onto Cretaceous beds, against which faulting the main 
synclinal axis terminates. 

From the deepest part of the Cafion City embayment the beds rise 
eastward for approximately 25 miles to the Front Range axis. In round 
numbers the total rise is 5,000 or 6,000 feet, giving by calculation an 
average eastward rise (or westward dip) of 2° or a little more. However, 
the details are far from this simple average, as shown in the somewhat 
generalized sketch (Fig. 3). 

A remarkable, steep monocline bounds the Florence oil field from 
north to south at its eastern edge. In places the dips are as great as 45° 


«Stanley C. Herold, “Jamin Action—What It Is and How It Affects Production 
of Oiland Gas,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 12, No. 6 (June, 1928), pp. 659— 
70; also Analytical Principles of the Production of Oil, Gas, and Water from Wells (Stan- 
ford University Press, 1928). 
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westward. The monocline is 13 miles wide and brings Niobrara limestones 
to the surface. Approximately 3 miles north of Florence it turns sharply 


westward as shown in Plate 1. 
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Frc. 2.—Regional structure in south-central Colorado. 


Directly east of Florence the dips in the monocline are among the 
steepest, and faults occur. Possibly Washburne is correct in writing that 
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no oil is found here because the steep dips and faulting have permitted 
water circulation that has dissipated the oil; possibly the oil itself has 
escaped along the steep bedding planes and through the faults. Whatever 
the cause, practically no oil has been found farther east of Florence than 
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Fic. 3.—Generalized structure section through Florence field. 


the eastern boundary of 5° dips. This line is shown on the structure map 
(Plate 1). All along it the beds rise eastward at approximately 5°, and 
immediately east of it the rise increases rapidly to make the steep mono- 
cline described. A similar line, the “eastern boundary of 8° dips,” also 
appears on the map a short distance east of the 5° line. 

In the more newly discovered, southern part of the field, the mono- 
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cline is less steep, and faulting in it is rare. The maximum dip measured 
is 17°. Here the oil shows little regard for the 5° and 8° lines, some of the 
newest wells (not shown on the map, which was made in 1925) occurring 
in still steeper parts of the monocline. Nevertheless, the steep monocline 
here also is the general eastern boundary of the field, because, if for no 
other reason, in a short distance eastward it brings the productive zone 
to the surface. 

Productive area.—The productive area ranges in width from 23 to 3 
miles and is marked at the surface by the outcrop of the Pierre shale with 
regular westward dips ranging from 25° to 5°, averaging approximately 3°. 
The productive area extends from the steep monocline west to the out- 
crop of the massive Trinidad sandstone. The same regular westward dip 
continues another 3 miles farther west to the bottom of the main syncline, 
but within these last 3 miles, the underlying Pierre shale, covered by 
coal-bearing rocks at the surface, seems to be comparatively barren 
of oil. 

Although it has been said that the oil in this area occurs in faults, 
faults in the productive area are notably absent. In the steep mono- 
cline some faulting has taken place, but no faults were found in the field 
west of the steep monocline. Numerous small local flexures, however, 
traverse the Pierre shale approximately east and west and locally disturb 
the prevailing direction of strike and dip. The largest of these might show 
6 feet of vertical displacement from crest to trough. They were con- 
scientiously recorded wherever found, and appear on the structure map 
as little anticlinal axes, mentioned in the legend of the map as “small 
anticlinal flexures.”’ 

Jointing in the shale is generally difficult to discern, but is adequately 
recorded here and there in the thin sandstone beds of the upper Pierre. 
The trend of most persistent jointing (the most frequently discovered 
and in many places the most prominent) is approximately S. 50° E. A 
broad syncline, or direction of strain, trending southeast like this per- 
sistent jointing, is suggested by a swing of the contours on the structure 
map (Plate 1), for example, in the vicinity of Sec. 11, T. 20 S., R. 69 W., 
where it is distinctly noticeable. 

Jointing directions cannot readily be measured in the massive Trin- 
idad sandstone west of the productive area. Such joints as appear have 
irregular S-shapes both horizontally on dip slopes and vertically in cliff 
faces. It is as if the strains recorded by the thin sandstones interbedded in 
the Pierre shales were not great enough to produce a regular pattern of 
joints in the overlying thick beds of massive sandstone. 
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POSSIBLE CAUSE OF ACCUMULATION 


The approximate outcrop of the massive Trinidad sandstone is in- 
dicated by the heavy line marked 7 on the structure map (Fig. 4). 
Though oil wells occur west of this outcrop, the percentage of drilling suc- 
cess is strikingly less than farther east. One has only © go a mile west of 
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Fic. 4.—Cafion City oil field in April, 1928. Mapped by E. S. Shaw. Width of 
area mapped, 4 miles. 


the line of outcrop to pass out of the oil-producing area entirely. Corre- 
spondingly the overlying thick coal-bearing sandstones increase within 
short distances toward the west. 

The surprising fact that the western limit of the productive area coin- 
cides with present-day outcrops, and with no other noticeable geologic 
feature, became evident early in the field work. A remark of Cramer’s 
about competent beds above and below the Pierre shale led to the sugges- 
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tion that is here put forth. It is simply this: when (in Eocene time) the 
Pierre shale of the Florence field was deformed by the main geosynclinal 
folding complicated locally by the steep monocline, it was held between 
competent beds. Below it are the Niobrara limestones and the ‘Dakota 
group” sandstones, and above it were the Trinidad sandstone and over- 
lying Vermejo coal-bearing sandstone series. Stresses, that were thus 
stored up (possibly) in the less competent Pierre shale, were released by 
the erosion of the Trinidad and Vermejo sandstones, and found relief 
in strains. Thus, possibly, the little anticlinal flexures were formed; 
possibly subsurface joints already existing were opened as fissures; or 
possibly the open fractures were newly formed at this time. The oil ac- 
cumulated in the fissures. 
ORIGIN OF OIL 

A scheme like the foregoing tacitly postulates that the accumulation 
of the oil in the fissures—the commercial accumulation—was very recent, 
as recent as the present topography. Such a scheme fits best with the 
idea that the oil is indigenous to the Pierre shale, through which it is 
disseminated, accumulating in pools only as the fissures are formed. 

Although the detailed evidence is here omitted, the mapping showed 
clearly that the boundary between the Pierre shale and the overlying 
coal-bearing sandstone series is not a constant horizon. Undoubtedly the 
uppermost Pierre at the north end of the Florence area is equivalent to 
sandstone above the Pierre shale at the south. It is well known that the 
shales corresponding with Pierre are much thinner in southwestern Col- 
orado than in either the northern or the eastern parts of the state, and the 
idea that the upper part of the thicker shales is of the same age as the 
coal-bearing sandstones above the thinner shale in the southwestern sec- 
tion is not a new one. In the Florence area the northward fingering-out 
of the sandstone into shale is pronounced. It is a fair inference that during 
the deposition of a considerable part of the upper Pierre in this vicinity 
coal was forming in swampy land some tens of miles on the southwest. If 
the oil at Florence originated in the Pierre shale in which it is found, 
these near-shore conditions may have a bearing on its origin. 

From a different point cf view, the Niobrara beds might possibly be 
considered a source of the oil at Florence. The Niobrara formation is 
bituminous throughout the Rocky Mountains, and oil shale is widespread 
in it. The plentiful bituminous matter in the Niobrara outcrops of the 
Florence vicinity was noted by Washburne.t One who favors a meta- 
morphic origin of oil might reject the less bituminous Pierre as a source 


«Op. cit. (1910), p- 510- 
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rock, and theorize that the oil was generated by the folding from bitu- 
minous matter in the Niobrara, migrating upward into the fissures of the 
Pierre shale. In this connection it is worth mention that the average 
carbon ratio of the Cretaceous coals here mined is approximately 57 per 
cent. 

In structures such as the Salt Creek dome, Wyorning, and the Iles 
dome, Colorado, oil occurs in fissures in shale immediately above produc- 
ing sands or sands that probably contained oil at one time. The theory 
is held that some of the oil originally trapped in the sand migrated up- 
ward into the shale and still remains there.t By analogy it has been 
claimed that the Florence field is a remnant of oil once trapped in the 
Dakota sandstone below.? This seems improbable to the writer because 
of the absence of structure sufficient to cause great accumulation in the 
sandstone, and because the theory demands the upward migration of 
oil through approximately 1,200 feet of beds, including members as dense 
as the Greenhorn limestone, the Carlile sandstone, and the Timpas lime- 
stone. As far as tested, these 1,200 feet are now practically barren of oil. 

No other possible source of oil appears unless it is the very old marine 
sediments beneath the pre-Morrison unconformity. The theory that the 
oil migrated from them into the Pierre shale encounters the same diffi- 
culties previously mentioned, still further magnified. 


PROPERTIES OF OIL 


An analysis of a Florence oil is given in Table III. The analysis was 
made at the laboratory of the Standard Oil Company (Indiana) in Casper, 


TABLE III 
ANALYSIS OF FLORENCE CRUDE OIL 
Gravitvar Cte neshee ree BOa” Gasoline, per cent............ 720 
SUMO MUIR, JOO CAM yoo ooaocdeaas 0.34 Kerosene; per cent..........4.. 12.0 
Widit Cie aitetin ee oc. Sen ene None Gas oil, percent, ics =) eae 16.0 
Coldztest.. |. Acme ce eke eee Sie Heavy; penicen types eee 63.8 
Uniti sy. nah 8 ote a ee eee 198° Coke; per cent: setiznte soeer 2 Tae 


Wyoming. The crude oil came from Travis No. 6, Sec. 28, T. 20 S., R. 
69 W., in the southern part of the field. 


*C. H. Wegemann, “Oil and Gas in Colorado,” Production of Petroleum in 1924, 
Amer. Inst. Min. Met. Eng., pp. 174-75. 


* It is noteworthy, however, that the same theory of upward migration from far 
below was held as early as 1891. See bibliography. 
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The gravity of the oil throughout the field is nearly the same, that is - 
30°-31° Bé. No water is found in it, and the wells never go to water. 
A complete description of the oil is given by Washburne. 


TABLE IV 


STATISTICS ON FLORENCE AND CANON City Fieps, JANUARY 1, 1928*f 


Florence Field 


Cafion City Field 


Past total production of field, barrels 
Productive area of field, square miles............ 
Present number producing wells................ 
Present daily production for field, barrels........ 
Minimum daily well production, barrels......... 
Witcrotawellsyecarsseeret.) ken foros fs chlee ces 
Motalmumberotawellscdrilledverpcacsces: eerie 
Maximum total production of any one well, barrels 
Ratio— producersitoldryholessses + ass. - sone 
Maximum depth of producing well, feet......... 
Minimum depth of producing well, feet.......... 
Gravityroioile, Deerees! BaumGrr yeni ore 
Gasolinercontenty percentum sapien scene selec ce 
Open hole’commonly drilled, feet... 2.5.2.1... 
Total well cost, cable tools exclusively........... 


Mud and paraffin cleaning frequency, months.... 
Bieldipriceroicrudetyce ter eter cto clcks sgzewen se 


Meepestawellucmilled eteetyememveikt etki) erela <= 
Carbon ratio in bituminous coals (Cretaceous), 

DS)? CEBlba' 6 owocamoods 6 won UES Cou OCR aD eames 
Distancewtoicoal mines, miles ee aucae cc tac sis 
Distance of coal beds above oil horizons, feet... .. 
Vertical stratigraphic producing range, feet...... 
Stratigraphic interval productive zone above Da- 

10 LARS AMG SLOME LCC L Mey es aire cor ate) siehe: sen eters 
Stratigraphic interval productive zone above Nio- 

pratarvshalewieetennre sere ofycu terete qeureiehevate ous 
Average per well per day for February, 1928, barrels 


11,875,423 
Ti2=20 
58 
59° 
2S 
2 
I-33 
1,007 approx. 
622,000 
GO a IS 
3,600 
I, 100 
29-30 
7 (distillation) 
I, 500 
$6 , co0o-$15 , O00 


12 

Mid-Continent 

plus slight pre- 
mium 
4,500 


2 , 200-3 , 400 
500 


I ,Q00-2 , 400 


I, 000-1 , 500 
10.42 


149,951 
2 


21 (Feb. 1, 1928) 
583 (Feb.) 


Contract 
$10,000 1,600 
feet on pump 


Probably same 


27-77 


* From pamphlet, A Trip through the Florence and Canon City Oil Fields, March 17 , 1928, for the Rocky 


Mt. Assoc. Petrol. Geol., et al., (1928). See bibliography. 


+ Production is less than 3 barrels per foot of hole drilled. 


CANON CITY FIELD 


In 1926 oil was discovered in the Cafion City field on Arkansas River 
between Cafion City and Florence. Figure 4 shows the development that 
had taken place by April, 1928. In February, 1928, average daily produc- 
tion of the Florence field was 590 barrels; of the Cafion City field, 583 


barrels. 


The occurrence in the Cafion City field is the same as at Florence. 
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The oil comes from fissures in the Pierre shale, but the structure is dif- 
ferent. An anticlinal nose plunges southward through the Cafion City 
field, and the oil seems to follow its general trend. As in the Florence 
field, producing wells are not found very far beyond the first-line outcrops 
of massive coal-bearing sandstones, which here extend east and west 
and form the south boundary of the field. Southward the thickness of 
overlying beds increases greatly in a short distance. 


CONCLUSIONS 


t. The oil at Florence occurs in fissures in the Pierre shale. 

2. The oil is found in a belt 3 miles wide on the eastern limb of a geo- 
syncline. A steep monocline forms the eastern boundary of the field 
because it allows the oil to escape and brings productive beds to the sur- 
face. 

3. The western boundary of the field coincides approximately with 
the heavy overlying coal-bearing sandstones. It may be that the removal 
of the overburden allows fissures to open in the Pierre shale, into which 
the oil collects. 

4. No faults were found in the productive area. 

5. Probably the oil originated in the Pierre shale or in the underlying 
Niobrara beds. 

6. The new Cafion City field is a similar occurrence. The oil-bearing 
fissures in the Pierre shale are localized on the trend of a southward- 
plunging, anticlinal nose. 
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RELATION OF ACCUMULATION TO STRUCTURE 
IN NORTHWESTERN COLORADO: 


ROSS L. HEATON 
Denver, Colorado 


ABSTRACT 


The producing structures.of northwestern Colorado are: (1) Iles dome, (2) Moffat 
or Hamilton dome, (3) Tow Creek anticline, (4) Thornburg dome, (5) Rangely dome, 
(6) White River dome, and (7) Hiawatha dome. Other seemingly favorable structures 
have been drilled and found barren. The producing formations range in age from Juras- 
sic to Eocene. Oil and gas accumulation in northwestern Colorado is evidently caused 
by anticlinal structure. The nature of the hydrocarbons in the different structures and 
the lithology of the strata in which they occur indicate that the causes of accumulation 
were not common to all and that the folding and uplift to which they were subjected 
may have been factors in forming the oil and gas from the original organic material as 
well as being the agents of accumulation. 


INTRODUCTION 


The producing structures of northwestern Colorado are seven in num- 
ber; they are: Iles dome (oil and gas), Moffat or Hamilton dome (oil), 
Tow Creek anticline (oil), Thornburg dome (gas), Rangely dome (gas 
and some oil), White River dome (gas), and Hiawatha dome (gas). 

The producing horizons range in age from Jurassic to Eocene. The 
relation of these structures to the major structural features of the region 
are shown on the regional map of northwestern Colorado (Fig. 1). 

There are a great many structures? in this area which are not shown 
on the map. Some of them have been drilled and found barren, for no 
apparent reason, since the structures are similar and the section identical 
with those which produce. 

STRATIGRAPHY 

The generalized geologic column in northwestern Colorado is given 

in Table I. Brief discussions of the formations which contain oil and gas 


’ follow. 
JURASSIC 


Nugget sandstone.—This formation is also called White Cliff and is 
the lower producing horizon in the Iles and Moffat domes, where it is 


t Manuscript received by the editor, October 22, 1928. 


2 For another published description of part of the area, see J. D. Sears, ‘“Geology 
and Oil and Gas Prospects of Part of Moffat County, Colorado, and Southern Sweet- 
water County, Wyoming,” U. S. Geol. Survey Bull. 751-G (1924). 
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called the “Sundance sand.” It is a clean quartz sand, white, gray, or 
pink, very cross-bedded and is probably of aeolian origin, although sub- 
sequently worked by water. There is a zone of red or pink shaly material 
near the top in most localities, and the formation thickens from 250 feet 


TABLE I 


GENERAL SECTION OF FORMATIONS IN NORTHWESTERN COLORADO 


Period Series Formation 
& . 
Miocene Browns Park 
Tertiar 5 
Caen Pecene Green River 
Wasatch 
Laramie 
Lewis 
Upper Mesa Verde 
Cretaceous Mancos 
Dakota 


Lower(?) Morrison 


Twin Creek or Sundance 


Jurassic Nugget or White Cliff (Sundance sand) 
Triassi Red-beds. In some localities separable into An- 
TIASEIC kareh, Thaynes, and Woodside formations 
Permian and Park City 
Pennsylvanian 


Maroon beds, present only in Flat Top uplift 
Pennsylvanian Weber quartzite 
Lime, shale, and sand series, unnamed 


Mississippian Limestone, equivalent to Madison 
Devonian Limestone, unnamed 

Cambrian Quartzite 

Algonkian(?) Quartzite 

Archean Granites, schists, and gneisses 


in the Flat Top area to more than goo feet in the Uinta Mountain region. 
It overlies unconformably red beds of probable Triassic age. 

Twin Creek formation.—This is of marine origin and corresponds with 
the Sundance of Wyoming. It overlies the “Sundance sand”’ of the Iles 
field but pinches out before reaching the outcrop on the flanks of the Flat 
Top uplift. At the type locality at Sundance, Wyoming, there is a sand 
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a few feet thick at the base of the formation which is correlated with the 
Nugget. Thus arose the name “Sundance sand” in the lles field. 

The trend of the shore line of the Jurassic sea was northeast and south- 
west, and passed southeast of the Thornburg dome if not through the 
dome itself. The formation thickens northwestward toward the center of 
the basin. There are only a few feet of black and gray shales of the Twin 
Creek beds in the well which penetrated them on the Thornburg dome, 
but at Iles there are 35~50 feet which can be allotted to the Twin Creek. 
In the Uinta Mountain region, the thickness is 150 feet or more; and the 
formation is composed of black and gray shales, thin sandstones, and 
limestones containing characteristic Sundance fossils. 

It is the writer’s belief that this formation contains the source beds 
for the oil found in the ‘Sundance sand” and probably the Morrison sand 
on Iles dome and in one well on Moffat dome. There is a sufficient thick- 
ness of the Twin Creek shales on these structures to supply large quanti- 
ties of oil under favorable conditions, and the thinning of equivalent beds 
on the Thornburg dome may account for the small quantity of oil found 
in the “Sundance sand” in the one well which penetrated it on that struc- 
ture. 

The increasing thickness of the Twin Creek beds on the northwest 
may or may not mean an increasing thickness of source beds. On the 
Rangely anticline, which should be underlain by 125 or more feet of this 
formation, a well reached the top of the “Sundance sand” and found it 
barren. The Rangely anticline is much larger and has more closure than 
the Iles dome. 

LOWER CRETACEOUS(?) 

Morrison formation.—The age of the Morrison is not definitely known, 
although it is usually placed doubtfully in the Lower Cretaceous. It is 
considered a fresh-water deposit but has a remarkable persistency in 
lithology and thickness throughout wide areas. The upper two-thirds of 
the formation is composed of light gray and varicolored shales. The lower 
part contains several prominent sandstones which are non-uniform and 
discontinuous. Oil and gas are encountered in some of these sands in the 
Tles and Moffat fields. A prominent sand in the upper part of the lower 
Morrison can be correlated with fair accuracy between the Iles, Moffat, 
and Thornburg domes, and is the most important producer in the Morri- 
son formation on Iles dome. The Morrison is 450-500 feet thick in north- 
western Colorado. 

UPPER CRETACEOUS 

Dakota sandstone.—The Dakota in this area maintains its tripartite 

division as recognized in practically all of the Rocky Mountain region. 
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The upper sand is a very prominent marker, having a thickness ranging 
from 50 to 8o feet, and is buff or gray in color. The lower sand is more va- 
riable and in many places is interstratified with considerable thicknesses 
of gray and greenish shales. The base of the lower sand is everywhere 
conglomeratic. The medial shales are gray and in places greenish in color, 
wherein they differ from the shales of most other localities, which are 
ordinarily dark gray to black and in places contain thin coal beds. The 
total thickness of the Dakota ranges from 125 to 200 feet. 

The Dakota is the producing sand of many oil fields in the Rocky 
Mountain region, and it was formerly considered useless to test deeper 
sands between it and the Pennsylvanian. The Dakota is the principal 
producer of oil on the Moffat dome, contains gas in the Thornburg 
dome, but was barren in the Iles dome, except for small amounts of gas 
and a little low-grade oil. 

Mancos formation.—This formation is 5,100 feet thick and is com- 
posed of gray and black shales in almost its entire thickness. The Mancos 
includes equivalents of the Benton, Niobrara, and a part of the Pierre of 
eastern Colorado, but they are all so nearly alike in northwestern Colora- 
do that no attempt has been made to separate them in mapping. Typical 
Mowry shale, as recognized in Wyoming, is found on the outcrops almost 
immediately above the Dakota sandstone. Approximately 400 feet above 
the Dakota there is a limy sandstone, ordinarily only a few feet in thick- 
ness, which probably corresponds with the position of the Frontier in 
Wyoming, and is here designated as such. Within the first 300 or 400 
feet above the Frontier, there are limy streaks in the shale, some very 
light colored and containing typical Niobrara fossils. The upper part of 
the Mancos is very sandy and contains several thin sands which are ordi- 
narily not traceable except for short distances. The exception is the 
Morapos sand which occurs approximately 800 feet below the top of the 
Mancos and serves as a key bed in mapping the surface structure on the 
Iles and Moffat domes. The basal part of the Mancos shale, which is 
equivalent to lower Benton, is considered by most geologists as containing 
the source beds for the oil and gas encountered in the Dakota sand. 
Three wells on the Iles structure have produced considerable oil from this 
zone, which is 75-100 feet above the base of the Mancos. 

Mesa Verde formation.—The Mesa Verde is predominately a sand- 
stone formation, containing many beds of sandy and carbonaceous shales, 
together with valuable coal beds in its upper part. It is of fresh- or brack- 
ish-water origin and ranges in thickness in northwestern Colorado from 
3,000 to 4,500 feet. It has no importance as a producer of oil and gas in 
northwestern Colorado; but as it furnishes small production in other 
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parts of the Rocky Mountain region it cannot be classed as barren in 
this district. 

Lewis shale-—This formation is similar in lithology to the greater 
part of the Mancos, being composed of gray and drab shales. The Lewis, 
together with the underlying Mesa Verde and upper part of the Mancos, 
is the approximate equivalent of the Pierre shale of the Front Range. 
It reaches thicknesses of more than 1,000 feet in the eastern part of 
northwestern Colorado, but is absent in the western part because of pre- 
Eocene erosion, which removed the overlying Laramie, the Lewis, and 
in some places a part of the Mesa Verde. 

Laramie formation.—The Laramie is composed of massive sandstone 
and sandy shales with a few unimportant coal beds. It reaches a thick- 
ness of more than 1,500 feet but occurs only in the northern part of the 
territory under discussion. So far as known, it has no importance as a 
prospective producer of oil or gas. 


EOCENE 


Wasatch formation.—The Wasatch is of continental origin, and its 
lithology differs in different places. In general, the upper and lower parts 
of the formation are predominantly sandstone, and most of the middle 
part is composed of brilliantly colored shales. It also contains a few 
minor coal beds. The thickness ranges from 3,500 to 5,000 feet, and the 
formation lies unconformably on beds which range in age from Mesa 
Verde to Laramie. The upper part of the Wasatch contains the gas sands 
of the White River dome, and those of the Hiawatha dome are probably 
in the lower part of the formation. 

Green River formation.—The Green River overlies the Wasatch con- 
formably and is recognized by a marked change from the bright-colored 
shales of the Wasatch to the light-gray, greenish, and nearly white shales, 
odlites, and sandstones of the Green River. This formation carries the 
oil shales of western Colorado, eastern Utah, and southwestern Wyoming. 
The richer shales occur in the middle part of the formation; and the lower 
part contains lean shales, several prominent sandstones, and a few thin 
limestones. The upper part is marked by a preponderance of massive, 
very lenticular sandstones. No production has thus far been discovered 
in the Green River, although it has been tested in the Uinta basin of 
Utah. Veins of gilsonite and other natural asphalts occur in eastern Utah, 
and a small amount of free oil is derived from a tunnel into the formation 
near the town of Dragon. Oil saturation is common in the sands of both 
the Wasatch and Green River formations. 
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MIOCENE(?) 

Browns Park formation.—Unconformably overlying all older forma- 
tions in northwestern Colorado is the Browns Park, which is doubtfully 
placed in the Miocene period. It is composed of soft, light-colored sand- 
stone with some conglomerate. Its principal importance lies in the fact 
that it conceals the lithology and structure of the older formations in a 
large part of northwestern Colorado. 


STRUCTURE 
ILES DOME 


Iles dome (Fig. 2) has approximately soo feet of closure. It is on 
the main axis of the Axial Basin anticline and probably owes its existence 
to the presence of a large fault on its southern edge with the downthrow 
on the north. Near the top of the structure the steeper dip seems to be 
on the southeast, but lower on the west side the strata dip steeply to 
conform with the attitude of the beds all along the south side of the Axial 
Basin anticline. This structure is unique in comparison with others in 
the vicinity in that it is cut by numerous faults of considerable magnitude. 
The northernmost fault has a displacement of 575 feet where it cuts the 
escarpment of the Morapos sandstone in the eastern part of Section 13, 
but it gradually disappears in the northern part of Section 15. The 
upthrow is on the north. The largest fault affecting this structure is on 
its southern edge, and in Section 25 has a displacement of approximately 
1,100 feet. The downthrow is on the north and becomes less toward the 
west, the displacement disappearing before it reaches the main axis of the 
anticline. In the steeply dipping zone on the west side there are two faults 
with a down-block between them. Their displacements grow less toward 
the east, and the faults disappear shortly after crossing the main axis of 
the anticline. 

Subsurface contours on the Dakota sand show that the top of the dome 
is very similar to that shown on the surface map except that the highest 
point has shifted a little more than { mile southeast (Fig. 3). It also indi- 
cates that a small fault, with the downthrow on the northwest, crosses the 
northwest corner of Section 23. 

The Iles dome is the most important producer in northwestern Col- 
orado, the runs for July, 1928, averaging 2,130 barrels per day with some 
of the wells pinched in. There are three producing horizons, namely, 
the shale zone, 75—100 feet above the Dakota, the Morrison sand, and the 
“Sundance sand.” Three wells are at present producing from the shale, 
six from the Morrison, and four from the “Sundance.” The production 
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figures, as given on the maps (Figs. 2 and 3), are not initial but represent 
an average throughout the first few weeks of production. On top of the 
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Fic, 2.—Structural map of Iles dome, showing surface contours on Morapos sand- 
stone. Contour interval, too feet. Width of area mapped, approximately 43 miles. 


structure the shale horizon is reached at a depth of 2,550 feet, the Dakota 
sand at 2,600, the Morrison at 3,050, and the “Sundance” at 3,225 feet. 
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The Dakota sand, which had previously been demonstrated as the main 
oil horizon of the Moffat or Hamilton dome, contained water, only a little 
gas, and small amounts of low-grade oil on the Iles dome. 
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Fic. 3.—Structural map of Iles dome, showing subsurface contours on Dakota 
sandstone. Contour interval, 100 feet. Width of area mapped, approximately 43 miles. 


The productive area on Iles dome is confined to the top of the struc- 
ture as shown by the subsurface contours, and the largest wells are high- 
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est, structurally. Wells on top of the structure encountered flows of gas 
in the Morrison sand varying from 3,000,000 to 7,000,000 cubic feet daily. 
Farther down on the flank of the structure, the Morrison produces both 
oil and gas. 
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Fic. 4.—Structural map of Moffat dome, showing surface contours on Morapos 
sandstone. Contour interval, roo feet. Width of area mapped, approximately 21 miles. 


MOFFAT OR HAMILTON DOME 


This is a very pronounced domal structure (Fig. 4) with the axis 
elongate northwest and southeast. It has a closure of 500 feet with the 
steep dip on the southwest, as steep as 30°. The structure is encircled by 
an escarpment of Morapos sandstone, which occurs. at a horizon in the 
Mancos shale, 800 feet below the base of the Mesa Verde formation. 
This is the only key bed for structural work, the center of the structure 
being a covered area of Mancos shale; and if faulting of any magnitude 
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cuts the crest of the dome, it is obscured. Two minor faults, having dis- 
placements of 4 and 5 feet, cut the Morapos escarpment on the east side 
of the structure and possibly increase in magnitude with depth. They 
may have been factors in forming accumulation channels from the source 
beds to the Dakota, which is the reservoir sand. It is assumed by most 
geologists that the source beds for oil in the Dakota sand are in the lower 
part of the overlying Benton shale, which is here included in the Mancos. 
Because only a small area has been drilled on the Moffat dome, a 
subsurface map does not accompany this paper, since it would show only 
that the subsurface crest moves a short distance toward the southeast 
as in the Iles dome. Thirteen wells have produced from the Dakota on 
this structure, and one which encountered water in that sand was deep- 
ened and encountered oil in both the Morrison and “Sundance” sands. On 
the top of this structure, the Dakota is reached at 3,800 feet, the Morri- 
son at 4,250, and the “Sundance” at 4,450 feet. The order in which the 
wells were drilled controlled more or less the initial production, and it 
may be that the two dry holes, shown within the top contour, would 
have been producers if drilled previous to those farther southeast. Water 
encroachment evidently follows closely upon the exhaustion of oil from 
the top of the structure. It is evident, however, that the largest wells 
were located on the very top of the dome, as shown by subsurface ele- 
vations on the producing sand. The average daily production from the 
Moffat dome during July, 1928, was 1,140 barrels. 


THORNBURG DOME 


Thornburg dome, sometimes called Morapos (Fig. 5), has a closure 
of approximately 900 feet, with the long axis trending northwest and 
southeast. It is on a southeast continuation of the Axial Basin anticline 
and has its steeper dips on the southwest. From a syncline which marks 
the limit of the closure on the southwest, all of the formations rise rapidly 
toward the Saw Mill anticline, which is an extension of the main Flat 
Top uplift. Here all of the older Paleozoic formations are exposed. 

Due to the absence of key beds, this structure was detailed by means 
of shale dips; and no actual faulting on the outcrops was seen except for 
several small faults on the north end of the structure. Minor faulting on 
most of the structure, especially along its crest, is evidenced by the plenti- 
ful occurrence of calcite slabs which have been weathered from faulted 
fissures. 

Aside from small amounts of oil from the Frontier in the northern- 
most well and from the ‘“‘Sundance”’ in the southern well, nothing except 
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gas has been produced from this structure. All three of the wells encoun- 
tered gas in the Dakota sand in the amounts shown on the map. The 
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Ire. §.—Surface structural map of Thornburg dome, detailed by means of shale 
dips. Contour interval, 100 feet. Width of area mapped, approximately 4 miles. 
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first well drilled was the largest, and the last was the smallest. The dif- 
ference may have been due to the order in which they were drilled, but 
was very possibly due to the difference in sand porosities. The gas is con- 
fined to the top of the structure, as shown by a water well in the Dakota 
approximately 300 feet below the top contour. The Dakota sand on top 
of the structure was reached at a depth of 1,950 feet. 

After the discovery of oil in the ‘Sundance’ on the Iles dome, the 
southern well on the Thornburg dome was deepened to that formation 
but encountered only small amounts of oil. It is fairly certain that this 
was due to a stratigraphic change between the two structures rather than 
to a difference in the relation of the structures themselves. 


RELATION OF THE ILES, MOFFAT, AND THORNBURG DOMES 


A comparison of these three producing structures is very interesting, 
especially with regard to the oil and gas content of the Dakota sandstone. 

It is difficult to understand why, with identical formations involved, 
the Dakota should contain large quantities of high-grade oil in the Moffat 
dome, gas in the Thornburg dome, and only a little gas and a little low- 
grade oil at Iles. The discovery well at Moffat flowed at the rate of 4,500 
barrels per day when first drilled, and settled to approximately 2,600 bar- 
rels. The oil had a gravity of 37° Bé. The discovery well on Thornburg 
was estimated as an 80,000,000-foot gas well, but some time later gauged 
at 42,000,000. The early history of drilling on Iles dome was marked by 
discouraging results, and the only production was from small wells in 
lowest Mancos or equivalent of the Benton shale, 75-100 feet above the 
Dakota. Operators were seriously considering the abandonment of the 
field when the deepening of one of the wells resulted in the discovery of 
gas in the Morrison and a 2,000-barrel well in the “Sundance.” 

The outstanding differences in the three structures are shown by the 
relations of the Dakota sand to sea-level. The sea-level datum elevation 
of the Dakota is 2,980 feet on the Moffat dome, 3,800 feet on the Iles, and 
5,000 feet on the Thornburg. 

These structures occupy a position in an area which was doubtless 
affected by two movements, those of the Axial Basin anticline and the 
Flat Top uplift. The latter lies on the south and east; and upon it all of 
the older formations, including the pre-Cambrian granite, are exposed. 
The age of the Flat Top uplift is at least as late as post-Eocene, and it is 
thought that the Axial Basin anticline was formed, at least in its later 
stages, at approximately the same time. It seems reasonable to suppose 
that conflicting forces were set in motion in the region affected by both 
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uplifts, resulting in the formation of the three structures under discussion 
and also of the faults of large displacement associated with the Iles dome. 
The upthrow of the largest fault is on the south or toward the Flat Top, 
the region of greatest uplift. 

The presence of oil and gas is evidently due to structure in these 
places, but there is a question as to whether it is there as a result of ac- 
cumulation according to the anticlinal theory or as a result of other 
factors. By a simple application of the anticlinal theory, all three of 
these structures should contain oil in the Dakota, if any of them do. We 
have no reason for doubting that the source beds are present and were 
originally of similar nature, as far as organic content is concerned, in all 
three structures. It is further evident that free oil as such must have been 
present in the strata during the process of folding, which took place in 
Tertiary time. If we subscribe to the theory that free petroleum may be 
formed from organic matter in the shales by a slow process of metamor- 
phism in flat-lying beds, due, in part at least, to the weight of younger 
strata, we must further assume that this process, after reaching the stage 
of the formation of oil, would go farther and eventually reach the respec- 
tive stages of higher-grade oil, oil and gas, gas only, and perhaps a last 
stage of complete dissipation of the hydrocarbons. It would be a remark- 
able coincidence if the folding of these three structures had been timed 
so as to catch them at the first, third, and fourth stages respectively, as 
previously mentioned. 

Obviously, the Dakota sand was originally at approximately the same 
level in all three localities. It now lies 2,020 feet and 820 feet higher in 
the Thornburg and Iles domes, respectively, than in the Hamilton dome. 
It seems probable that there is a relation between the total upward move- 
ment and the present form of the hydrocarbons. The Thornburg dome, 
which has undergone the greatest amount of differential movement, con- 
tains gas; the Hamilton dome contains oil in the Dakota; and the Iles 
dome produces oil from the shale which is presumed to contain the source 
beds in all three structures, although conditions were evidently not favor- 
able for its accumulation in the Dakota on the Iles dome. 

These observations lead to the theoretical conclusion that the fold- 
ing and differential upward movement formed the oil and gas out of what- 
ever organic substance existed prior to that time, and subsequently the 
structures themselves were the agents of accumulation. 

There are numerous features regarding the accumulation of oil in the 
three sands of the Hamilton and Iles domes that seem to defy any reason- 
able explanation. The “Sundance sand” is directly in contact with over- 
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lying marine beds which may be 
considered as a source of oil. The 
Morrison sand is separated from 
these beds by 150 or more feet of 
shales and lenticular sands of fresh- 
water origin (Fig. 6). Some means 
of vertical migration must have 
been instituted unless the fresh- 
water strata contain source beds. 
This may have been brought about 
along faults, and, after reaching the 
reservoir sand, moved toward the 
top of the structure. Other sands 
occur between the main producer 
of the Morrison and the source 
beds, but they are lenticular and 
may not have had sufficient con- 
tinuity to allow migration to the 
top of the structure. It is difficult 
to perceive, however, why this ex- 
planation, if applicable to the 
Morrison sand, should not apply 
also to the Dakota, since we know 
that the lower Benton shale con- 
tains oil. 


TOW CREEK ANTICLINE 


The Tow Creek anticline is 18 
miles in length, only a part of 
which is shown on the accompany- 
ing map (Fig. 7). There are several 
hundred feet of dip on each flank, 
but the amount of effective closure 
is relatively slight, probably not 
being more than 200 or 300 feet. 
The northern part of the anticline 


Fic. 6.—Graphic representation of for- 
mations from lower Mancos to the upper 
Red-beds in the Moffat, Iles, and Thorn- 
burg region. 
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is cut by igneous intrusions of quartz-porphyry and basalt dikes, and the 
structure as a whole may be of laccolithic origin. 

The production in the Tow Creek anticline is from a zone in the Man- 
cos shale approximately 600 feet above the Frontier and 1,000 feet above 
the Dakota sand. The area of greatest production seems to be immediate- 
ly east of the anticlinal axis. The accumulation is probably due to a frac- 
tured zone in the shale and it seems significant that the best wells are 
located in that part of the anticline where the steep east dip begins. 
Accumulation according to the anticlinal theory probably does not apply 
on this structure. The principal value of the structure lies in the fact 
that it creates a fractured zone in the shales and brings the producing 
horizon within reach of the drill. Two wells have tested the Frontier and 
Dakota sands and found them to contain water. 

The average daily production for Tow Creek during the month of 
July, 1928, was 700 barrels. The producing stratum is encountered on 
top of the structure at approximately 2,600 feet, the Frontier sand at 
3,150 feet, and the Dakota at a little deeper than 3,500 feet. 


RANGELY DOME 


The Rangely dome is situated in the northwestern part of Rio Blanco 
County, Colorado, a short distance from the Utah line. It is a large closed 
dome 12 miles long, with its axis extending northwest and southeast (Fig. 
8). It has a closure of more than 1,200 feet; and the surface formation is 
the Mancos shale, surrounded by an escarpment of the lower Mesa Verde 
sandstone. A small amount of oil has been produced for many years from 
a shallow horizon in the Mancos shale on the southwest side of the struc- 
ture, at the upper edge of the steeply dipping beds. Several deep tests 
have been drilled which found the Dakota sand to contain gas. Four gas 
wells to this sand have been completed, but only one was gauged and 
showed a production of 74,000,000 cubic feet per day. All four of the gas 
wells are near the top of the structure. One of these was deepened to the 
Nugget or “Sundance sand,” and it was found to contain water. Wells 
farther down on the structure also contained water in the Dakota. 

It is very evident that the presence of gas is due to structural condi- 
tions. It is significant also that the small production of oil from shale in 
this structure is confined to the steeply dipping zone on the southwest side 
of the structure, where fracturing of the shales would most likely be found. 

The question arises as to the differences, whether structural or other- 
wise, on the Rangely dome where the ‘‘Sundance sand”’ contains water 
and on the Iles dome where it contains oil. The marine Jurassic beds are 
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present in both areas, although with different relations to the shore line 
of deposition. The locality of the Iles dome was nearer to the shore line, 
and conditions more favorable for the formation of source beds may have 
been present. 

Structurally, the principal difference is that the Iles dome is profound- 
ly faulted. Too much significance should not be given to this feature, 
however, since the Moffat dome which also contains oil in the “Sundance” 
is, so far as known, very slightly disturbed by faulting. The age of fold- 
ing of the two structures was probably the same, and the most reasonable 
explanation for the absence of production in the “Sundance” on the 
Rangely dome is the hypothesis of different depositional conditions in 
different parts of the marine Jurassic sea. 


WHITE RIVER DOME 


The White River dome is situated on the north edge of a large Ter- 
tiary basin, has a slight elongation east and west, and has a closure of 
400 feet (Fig. 9). The steeper dips are on the south, and the surface for- 
mation is Wasatch of Eocene age. The Wasatch formation is 4,000 feet 
thick in this locality, 1,000 feet of which has been eroded from the top 
of the dome. 

Shallow gas was discovered on this structure in the year 1890. About 
1918, three other wells were drilled, one of which had a very good show- 
ing of light oil. In 1923 and 1924, a well was drilled to 2,700 feet but was 
abandoned before reaching the base of the Wasatch. All of these wells 
were drilled near the top of the structure, and all of them produced gas 
from sands in the Wasatch at depths ranging from 600 to goo feet. The 
initial flow of these wells varied from 2,000,000 to 15,000,000 cubic feet 
_ per day. The identity of the source beds from which this gas was derived 
is not known. It is usually assumed that the gas originated in the Wasatch 
beds themselves, but there are minor faults near the top of the structure 
which may be so deep seated as to allow upward migration from the 
underlying marine beds of the Cretaceous. 

The gas wells are near the top of the structure; and the smallest gas 
well, which also contains some oil, is lowest. No wells have been drilled 
far enough down on the flanks of the dome to determine whether or not 
the gas area is surrounded by a zone in which water occurs in the same 
sands. 

HIAWATHA DOME 

The Hiawatha structure (Fig. ro) lies partly in Wyoming and partly 

in Colorado. The surface formation is Wasatch; and the structure pro- 
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duces gas from three wells, the initial production ranging from 56,000,000 
to 100,000,000 cubic feet per day. The gas is piped to Salt Lake City. 


The Hiawatha dome has its long axis east and west and lies on the 
edge of the Red Desert Tertiary basin, bearing somewhat such a rela- 


Fic. to.—Surface structural map of Hiawatha dome, contoured on Wasatch formation. Contour interval, 100 feet. 


Width of area mapped, approximately 8 miles. 
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tion to it as does the White River dome to the Uinta basin. It has a closure 
of more than 4oo feet, and the steep dip is toward the north. The age posi- 
tion of the producing horizon is not exactly known but is probably in the 
base of the Wasatch or possibly in the top of the underlying Cretaceous 
series. The gas area, as far as it is defined at present, is on top of the struc- 
ture, although one well has recently been reported to have a very favor- 
able showing of high-grade oil at approximately the same structural ele- 
vation as the largest gas well. The sands are lenticular, and it is difficult 
to correlate from well to well. 


SUMMARY 


Accumulations of oil and gas in commercial quantities in northwest- 
ern Colorado are very evidently due to the presence of anticlinal or domal 
structures. 

The nature of the hydrocarbons in the different structures and the 
lithology of the strata in which they occur indicate that the causes of 
accumulation were not common to all and that the folding and uplift to 
which they were subjected may have been factors in forming the oil and 
gas from the original organic material as well as being the agents of ac- 
cumulation. 

In the Moffat and Iles fields, the accumulation of oil and gas in the 
Dakota, Morrison, and “‘Sundance”’ sands is confined to the top of the 
structures and is surrounded by water which, due to hydrostatic pressure, 
encroaches upon the oil area as the latter is exhausted. 

In the Thornburg, Rangely, White River, and Hiawatha structures, 
the gas seems to be present only in the top; and where it occurs in the 
Dakota sand, as at Thornburg and Rangely, it is under hydrostatic pres- 
sure. The relation of gas to water in the White River and Hiawatha 
structures is still unknown. 

Shale oil in the Tow Creek anticline, Iles dome, and Rangely dome 
occurs as an indirect result of anticlinal structure. The accumulation, and 
possibly the change from the source material to oil, probably resulted 
from the establishing of zones of fracturing when the beds were folded. 
It is significant that the shale oil occurs at the point of major change of 
dip. 


THREE TYPICAL OIL FIELDS OF THE ILLINOIS REGION: 


GAIL F. MOULTON? ann A. H. BELL? 
‘Urbana, Illinois 


ABSTRACT 


The cross sections, maps, and other data presented in this paper give the essential 
facts about the Centralia district in south-central Illinois, the Martinsville pool in 
east-central Illinois, and the Francisco pool in southwestern Indiana. In the Centralia 
and Francisco areas, pronounced domes in the Pennsylvanian beds mark similar but 
more pronounced domes in the underlying Mississippian beds. In the Martinsville 
area, only a slight suggestion of the lower Mississippian folding is shown by the over- 
lying beds. 

In general, the oil accumulation has taken place on the high parts of the several 
anticlines and domes. Locally, irregular sand conditions have modified this relation so 
that the limits of the producing areas do not exactly conform to the structural contours. 


INTRODUCTION 


The descriptions of typical oil fields of the Illinois region given in this 
paper are the results of independent investigations by the writers, The 
work in Illinois was undertaken as a part of the regular program of the 
Illinois Geological Survey, and statements of the results have appeared 
in publications of the Survey.3 The study of the Francisco field, Gibson 
Couaty, Indiana, was a private investigation for Mann and Huber of 
Evansville, Indiana. 

In this paper, general information from numerous reports of the state 
geological surveys i the U. S. Geological Survey has been used freely. 
Details regarding conditions in each of the typical pools discussed have 
been obtained from the acknowledged sources and from a study of well 
data from the several fields. 

PHYSIOGRAPHY 

The area shown on the generalized structure map (Fig. 1) is drained 
by Mississippi, Ohio, Illinois, and Wabash rivers and their tributaries, 

t Read before the Association at the Tulsa meeting, March 25, 1927. Manuscript 
received by the editor, November 18, 1927. Presented with permission of M. M. Leigh- 
ton, chief, Illinois Geological Survey. 

2 Illinois State Geological Survey. 

3A. H. Bell, ‘Structure of Centralia and Sandoval Oil Fields, Illinois,” Jlinois 
State Geol. Survey, Illinois Petroleum No. 10 (July 23, 1927); Gail F. Moulton, “Areas 
for Further Prospecting near the Martinsville Pool, Clark County,” Illinois State 
Geol. Survey, Illinois Petroleum No. 4 (August 28, 1926). 
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Fic. 1.—Generalized structure map of Illinois and southwestern Indiana, showing 
oil and gas fields. The Illinois basin, extending north and south through the center of 


the state, is flanked on the east by the La Salle anticline and on the west by the Duquoin 
anticline. 
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The country is characterized by gently rolling topography with an exten- 
sive cover of Pleistocene glacial débris over consolidated strata. Most of 
the area is so slightly dissected that useful outcrops are rare. 


GENERAL STRUCTURE 


The regional structure (Fig. 1) is shown by rather general contours 
drawn approximately on the No. 2 coal of Pennsylvanian age. Only the 
larger, more pronounced structural features are indicated. 

The general form of the structure is a broad shallow basin which is 
crossed by the La Salle anticline in the eastern part and the Duquoin fold 
in the south-central part. The La Salle anticline extends from central- 
northern Illinois slightly east of south to Lawrence County in the south- 
eastern part of the state. Although the fold is rather steep on both sides 
in north-central Illinois, the dips, particularly on the east flank, become 
less and less toward the south. As a result, in Crawford County the east 
dip is of minor importance; and on the south in Wabash County there is 
only a flat structural terrace lying above, and east of, the steep west dip 
which is a prolongation of the west limb of the fold. 

The Duquoin fold as now known has a general north-south trend and 
a steep dip toward the east from an area in which the strata are horizontal 
or dip gently toward the west. Between the La Salle and Duquoin uplifts 
lies the deepest part of the Illinois-Indiana coal basin, which has been 
called the Illinois basin. 

The structural and stratigraphic relations as determined from data 
now available for a section from the vicinity of St. Louis, Missouri, to a 
point near Vincennes, Indiana, are shown by Figure 2. The location of 
this section is indicated by line A-B on Figure tr. 

An eastward dip from the Ozark uplift and a westward dip from the 
Cincinnati uplift into the Illinois basin are the principal structural 
features brought out by this section. The deepest part of this basin a 
short distance west of the eastern Illinois oil fields, and the two general 
anticlines on which the more important oil fields have been discovered 
are also shown. 

The most striking stratigraphic feature shown by the section is the 
general eastward increase in thickness of the strata shown. The most 
important increases are in the thickness of the Devonian-Silurian lime- 
stone series and of the Pennsylvanian. The former is probably due to 
pre-Mississippian erosion in western Hlinois, which in some places reduced 
the Devonian-Silurian limestones to a thickness of less than roo feet. 
The change in thickness of the Pennsylvanian beds is probably to be 
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ascribed to the presence of a considerable basin in central Illinois at the 
time of their deposition, in which deposition did not take place in western 
Illinois until beds of considerable thickness had been deposited on the 
east. 

Although post-Devonian-pre-Mississippian erosion and post-Missis- 
sippian-pre-Pennsylvanian folding, faulting, and erosion have been de- 
termined in some Illinois localities, there is no evidence now available 
that either the Duquoin or La Salle anticlines were loci of uplift before 
the end of lower Mississippian deposition. These structural features are 
evidently the near-surface expression of zones of movement in the more 
competent Cambrian and pre-Cambrian rocks a mile and more below the 
surface, probably contemporaneous with the structural disturbances 
which gave rise to the extensive faulting and folding in southern Illinois 
during the Carboniferous and at the end of the Paleozoic. 

On the La Salle anticline near the Clark County oil fields, the pre- 
Pennsylvanian deformation seems to have been more pronounced than 
the post-Pennsylvanian deformation. Farther south, in southwestern 
Indiana and in Lawrence County, Illinois, the largest part of the deforma- 
tion along the trend of the La Salle anticline occurred in post-Pennsyl- 
vanian time, as is shown by the essential parallelism of the Pennsylvanian 
and Chester beds. 

In western Illinois important folding occurred during and after the 
Pennsylvanian. 


GENERAL LOCATION OF OIL FIELDS 


The principal oil fields of eastern Illinois and southwestern Indiana 
are located east of the steep west dip of the La Salle anticline. The largest 
and most productive pools have been found in Illinois, where the effect 
of the major structural feature is most pronounced. The distribution of 
these pools along the La Salle anticline has been determined by the 
coincident occurrence of local structural conditions and proper strati- 
graphic conditions. The pools thus far discovered are on the southern 
quarter of the anticline in areas from which the Mississippian was not 
entirely removed by pre-Pennsylvanian erosion, and in which the Pennsyl- 
vanian strata are generally 400 feet or more in thickness. A few favorably 
located tests on structures on the north failed to find production. 

Some of the Clark County pools described by Mylius* accumulated 
in hills of weathered Mississippian limestone, buried beneath Pennsyl- 


xL. A. Mylius, “Oil and Gas in East-Central Illinois,” I/linois State Geol. Survey 
Bull. 54 (1928). 
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vanian strata, These are the only buried hills known in Illinois at the 
present time which have had an effect on oil accumulation. 

The upper part of the Devonian-Silurian limestone series has also 
been subjected to weathering and erosion on the La Salle anticline from 
Clark County north. The pools producing from this horizon near Martins- 
ville, Illinois, and in the area 20 miles south of Terre Haute, Indiana, 
found the limestone moderately weathered. Farther north, where the 
limestone has been honeycombed through weathering agencies, only 
showings of oil with much water were found, suggesting that the oil 
might have been flushed out. Farther south this weathering was not © 
effective, and no oil is to be expected at this horizon. 

The only commercial oil production from limestones in Illinois other 
than from the weathered type mentioned has been obtained from odlitic 
limestones, principally in Lawrence County. The original texture of the 
limestone probably provided the porosity and permeability requisite for 
a satisfactory reservoir bed. 

The principal Illinois oil fields other than those in the general area of 
the La Salle anticline are located on the seeming continuation of the 
Duquoin anticline. These are the fields of the Centralia district. Al- 
though the generalized structure map shows that the Duquoin fold is 
continuous for a considerable distance, the detailed studies in the area 
for which data are available show that local doming is present and that 
the oil pools of the Centralia district are located on such local structures. 

Information on the structure and typical sand conditions for the fol- 
lowing areas shown in Figure 1 is presented in detailed discussion: (1) 
The Centralia and Sandoval fields of central Illinois; (2) the Martinsville 
pool in Clark County, eastern Illinois; (3) the Francisco pool, Gibson 
County, sourthwestern Indiana. The map also shows the location of (4) 
the Tri-County field in southern Pike County, southwestern Indiana, 
which is the subject of a paper by R. E. Esarey.t 


STRUCTURE OF CENTRALIA AND SANDOVAL OL FIELDs, ILLINOIS 
By A. H. Bell 
INTRODUCTION 


This paper contains the description of an area about roo square miles 
in extent, situated in the southeast part of Marion County and adjacent 
part of Clinton County. It includes the Sandoval pool and several smaller 


*R. E. Esarey, “Tri-County Oil Field of Southwestern Indiana,” Structure of 
Typical American Oil Fields, Vol. 1 (1929), pp. 23-24. 
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productive pools, which in order of importance are (1) Wamac, (2) 
Junction City, (3) Langewisch-Kuester, and (4) Brown. Brief preliminary 
reports on all except the Sandoval pools have been published.? For the 
Sandoval field the only published information? was the result of a study 
made when only two of the producing wells had been drilled; hence it 
could include few details of the structure. Since that time oil has been 
produced from approximately too wells in the Sandoval pool, and the 
results of a study of all of the available data are embodied in the present 
paper. 
ACKNOWLEDGMENTS 

The writer is under obligation to the oil and coal operators of the 
district for placing at his disposal the information that rendered the work 
possible. Joseph H. Markley, Jr., acted as field assistant. Former publi- 
cations of the Illinois Geological Survey have been freely drawn upon, 
chiefly for information about the history of development. 


PHYSIOGRAPHY 


The physiography of the region is not described in this report because 
it is controlled by Pleistocene glacial deposits and the thickness of these 
deposits obscures the structure of the Paleozoic rocks. 


HISTORY? 


“The discovery and use of oil from a seep in the mine of the Marion 
County Coal Company, Sec. 30, T. 2 N., R. 1 E., attracted oil operators 
to this section of the state. The seep in the mine came througha fault. .... ms 

The Marion County Oil and Gas Company drilled a well on the Sher- 
man farm in Sec. 29, T. 2 N., R. 1 E., half a mile east of the shaft of the 
mine. The well was Perinleed by Mover bee 1, 1908, with only a showing 
of oil in a sand immediately below No. 6 coal aor known as the Dykstra 
sand). Three other wells were drilled just southwest of the Sherman well 
on the Dykstra farm in Section 32. These had an initial production of 18 
barrels a day each after shot, and by the end of 1908 their production had 
declined to 3 barrels a day each. 

x A. H. Bell, “Oil Investigations in the Centralia Area—Preliminary Report,” 


Illinois State Geol. Survey, Illinois Petroleum No. 4 (August 28, 1926), pp. 6-12; “Oil In- 
vestigations in the Centralia Area—Preliminary Report Concluded,” ibid., No. 5 


(October 16, 1926), pp. I-To. 

2R.S. Blatchley, “Illinois Oil Resources,” Illinois State Geol. Survey Bull. 16 (1910), 
pp. 130-46. 

3R. S. Blatchley, “Illinois Oil Resources,” Illinois State Geol. Survey Bull. 16 
(1910), pp. 130-32. 
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The latter part of 1908 was a time of considerable leasing activity in 
the region. A north and south direction of leasing was maintained upon 
the supposition that an oil field in this locality would naturally parallel the 
La Salle anticline. In the early spring of 1909 the L. Stein No. 1 well was 
drilled in Sec. 5, T. 2. N., R. 1 E. The shallow sand found in the Dykstra 
wells was not reported in this well, but a sand producing oil was found at 
1,404 feet and was named the Stein sand. A thickness of 22 feet was 
reported, and the yield was 50 barrels per day. Meantime, the Benoist 
No. 1 well of the Southwestern Oil and Gas Company was being drilled 
in the NE. cor., Sec. 8, T. 2 N., R. 1 E. This well was located 1,200 feet 
southeast of Stein No. 1. It found only a showing of oil in the Stein sand, 
and drilling was continued. At 1,528 feet it struck what is known as the 
Benoist sand which gave gas and oil. The upper 12 feet of the sand con- 
tained gas having a pressure of 370 pounds per square inch. The lower 
part of the sand from 1,540 to 1,546 feet yielded 200 barrels of oil per day. 

In the succeeding years about 150 wells were drilled in an area of 6 
square miles around the discovery well, and a boundary of production was 
found on all sides. 

STRUCTURE 


Regional folding.—The Centralia-Sandoval area is situated a little 
west of the center of the Illinois structural basin, and, accordingly, the 
regional dip is toward the east. At the south and southwest is the Ozark 
highland, a geanticline of major importance and extent. About 70 miles 
northeast is the La Salle anticline. In many localities throughout 
southern Illinois the rock strata have been affected by gentle folding and 
in some places by faulting. One of the most pronounced of these gentle 
folds is the Duquoin anticline, or, more accurately, monocline.* It is 
known to extend for a distance of 20 miles north from Elkville to a point 
2 miles east of Dubois closely parallel with the Illinois Central Railroad. 
Certain well-defined structural features of the Centralia-Sandoval area 
are approximately in line with the axis of the Duquoin anticline, though 
it is not known whether the latter fold is continuous across the interven- 
ing gap of 18 miles. 

Detailed folding. —Detailed subsurface structure of the Pennsylvanian 
strata in the Centralia-Sandoval area is shown in Figure 1 by means of 
contours representing the elevations of Herrin (No. 6) coal with reference 
to sea-level. The depth of the coal was obtained from well logs and mine 


*D. J. Fisher, “Structure of Herrin (No. 6) Coal Seam near Duquoin,” Jllinois 
State Geol. Survey Report of Investigations No. 5 (1925), p. 24. 
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surveys at as many points as possible. Elevations were determined by 
plane-table survey. 

The boundaries of mine workings have been indicated on the map by 
shaded lines. Elevations had been determined by the mine engineers in 
only one of the five mined areas, namely the Centralia Coal Company’s 
mines Nos. 2 and 5 south of Centralia. For the Marion County Coal 
Company’s Glen Ridge mine at Junction City, elevations were determined 
by an underground plane-table survey by the writer’s party. For the 
other three mined areas, namely at Odin, Sandoval, and the Centralia 
Coal Company’s mines Nos. 3 and 4, underground elevations had not been 
determined; and since none of these mines had been in operation for sev- 
eral years, it was not possible to enter them. The best available informa- 
tion was that given from memory by former engineers and superintendents 
of the mines. It consisted of estimates of percentage grades in different 
parts of the mines, and these formed the basis for determining the position 
of some of the contours in Figure 1. 

The regional dip of the Paleozoic strata in the Centralia-Sandoval area 
is toward the east. For Herrin (No. 6) coal it ranges from 35 feet per 
mile across the southern part of the area to 20 feet per mile across the 
northern part. The maximum dip for the area (in Centralia Coal Com- 
pany’s mine No. 5) is 140 feet in half a mile (5.3 per cent, or as 

Two conspicuous structural features are shown in Figure 3. One, the 
Centralia monocline, is a north-south belt of relatively strong east dip 
which is associated with a fault zone of similar trend. The most con- 
tinuous fault is about 6 miles long. The upthrow is on the east; the maxi- 
mum displacement of 110 feet occurs in Sec. 7, T. 1 N., R. 1 E., east of 
the shaft of the Centralia Coal Company’s mine No. 4. The displacement 
decreases northward and southward from this place. The other conspicu- 
ous feature is a series of anticlines and synclines with an east-west align- 
ment, interrupted by the Centralia monocline. The best example is the 
Sandoval anticline which seems to be a feature of an east-west trending 
fold rather than of the north-south Duquoin fold. 

Two cross sections from east to west (Fig. 4) show the attitude of 
No. 6 coal and illustrate the fault with the downthrow on the west. 

Two structure maps were drawn for the Sandoval area, one with No. 6 
coal as the key horizon and the other on the Benoist sand which is here 930 
to 980 feet below No. 6 coal stratigraphically (Figs. 5 and 6). These two 
maps show closed anticlines of essentially similar outline and trend, The 
chief difference between them is that the dips are in most directions more 
pronounced on the sand than on the coal. 
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Fic. 3.—Structure map of the Centralia-Sandoval area. Key horizon, top of Her- 
rin (No. 6) coal. Broken contours represent structure based on incomplete data. See 
Figure 4 for cross sections along lines A~B and C—D. (By A. H. Bell, Illinois Geol. 
Survey, Illinois Petroleum, No. 10 [July 23, 1927], pp. 6-7.) 

. Odin Coal Company’s mine. 

. Chicago and Sandoval Coal Company’s No. r. 

. Chicago and Sandoval Coal Company’s No. 2. 

. Marion County Coal Company’s Glen Ridge. 

. Centralia Coal Company’s No. 4. 

. Centralia Coal Company’s No. 3. 8. Centralia Coal Company’s No. 2. 
. Centralia Coal Company’s No. r. 9. Centralia Coal Company’s No. 5s. 
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The logs for the wells drilled by the Southwestern Oil and Gas Com- 
pany, which owns nearly two-thirds of the productive leases in the San- 
doval field, are ‘“‘skeleton” logs, and most of them give the depth of only 
a coal and the Benoist sand. The coal recorded in some of them is prob- 
ably Herrin (No. 6) coal. In determining the structure of the Benoist sand 
the skeleton logs could be used with very few exceptions, but many of 
them could not be used in constructing the structure map of the coal bed 
because of difficulty in correlating the coals. Accordingly the structure of 


Elevation © 
in feet 


Sea tevel_ 4 
-100, 


-200. ~—~—. 8 


Sea level. © 
-100 


-200. ~ a 


Scale 
ie) 1 2 3 4 5 miles 


Fic. 4.—A-B, cross section through Glen Ridge anticline and Junction City dome. 
C-D, cross section through Hanseman well and Langewisch-Kuester pool. C’—D’, same 
cross section as C—D, with vertical and horizontal scales equal. See Figure 3 for lines of 
cross sections. (From Illinois Geol. Survey, Illinois Petroleum, No. to [July 23, 1927], 


p- 4.) 


the coal was determined from a smaller number of datum points than that 
of the sand. 

Two cross sections through the Sandoval pool (Fig. 7) compare the 
attitude of No. 6 coal with that of the top of the Benoist sand. They show 
an increase of interval of 30 feet toward the west and north. 


PRODUCING HORIZONS 


In order to consider the relation of production to structure, a brief 
résumé of the producing sands is here given; and for the purpose of show- 
ing their relative importance, some production figures are included. Oil 
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has been produced from five sands in the Centralia-Sandoval area, three of 
which are in the Pennsylvanian and two in the Chester. Named in order 
from the top downward, these are the (r) Dykstra, (2) Wilson, (3) Petro, 
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Frc. 5.—Structure map of Sandoval pool, Marion County, Illinois. Key horizon, top of Herrin (No. 6) 
coal. See Figure 7 for cross sections along lines A-B and C-D. (By A. H. Bell, Illinois Geol. Survey, Illi- 


nois Petroleum, No. to [July 23, 1927], p- 5-) 


Stal aon leh ee 


Roz 


(4) Stein, and (5) Benoist sands. Although no locality is known in which 
they are all present, their approximate stratigraphic positions are illus- 
trated in one generalized section (Fig. 8). 
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Frc. 6.—Structure and typical log of Sandoval pool, Marion County, Illinois. Key horizon, top of Benoist sand. (By A. H. 


Bell, Illinois Geol. Survey, Illinois Petroleum, No. to [July 23, 1927], p- 8.) 
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Pennsylvanian sands.—The Dykstra sand, lying closely below Herrin 
(No. 6) coal, is the sand in which oil was discovered in the area, The total 
production obtained from it has been insignificant. It is one of the two 
producing sands in the Junction City pool; the other is the Wilson sand, 
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Fic. 7.—Cross sections through the Sandoval pool, comparing the altitude of 
Herrin (No. 6) coal with that of the top of the Benoist sand. See Figure 5 for lines of 
cross sections. (From A. H. Bell, Z/linois Geol. Survey, Illinois Petroleum, No. to [July 


23, 1927], p. 9.) 


which is situated about too feet lower in the section. In the summer of 
1926, 6.6 barrels per day were being produced by nine pumping wells 
from the Wilson sand and 2.5 barrels per day by two pumping wells from 
the Dykstra sand. 

The most important Pennsylvanian production in the area is that of 
the Wamac pool, where the oil comes from the Petro sand which has been 
placed tentatively in the Pottsville, although it may belong in the lower 
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part of the Carbondale. This field was fe) 
opened early in 1922. During the 
period of five years from the beginning 499 
of 1922 to the end of 1926, approxi- 
mately 200,000 barrels of oil was pro- 
duced. oe 
Chester sands.—The Benoist sand 
has produced nearly all of the 300 
2,500,000 barrels of oil obtained from 
the Sandoval pool. It extends from 
930 to 980 feet below the Herrin 
(No. 6) coal. Approximately 100 feet 
above the Benoist sand in the section 500 
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The location of these pools seems to have been determined by the folding 
of porous sand strata of relatively wide lateral extent. On the other hand, 
the minor pools, Junction City, Langewisch-Kuester, and Brown, are 
situated on the flanks of anticlines; and the determining condition in their 
location seems to have been the occurrence of localized bodies of porous 
sand which were features of original deposition. 


MarTINSVILLE Poot, ILLINOIS 
By Gail F. Moulton 
INTRODUCTION 


The Martinsville field is in the northern part of the southeastern 
Illinois oil fields in Clark County, as shown in Figure 1. Production in 
the area was first developed from the Pennsylvanian sand and the top 
of the Mississippian limestone at shallow depths, during the period of 
great activity following the discovery of oil in Clark County in 1905. 
Deeper drilling in 1910 a few miles away in the Westfield pool resulted 
in the discovery of production in the Trenton limestone from a depth of 
approximately 2,400 feet. Adverse market conditions and the small size 
of the well prevented further interest in drilling to this deeper “‘pay”’ until 
1919, when a better well was obtained. Within a short time several other 
deep wells were drilled. At this time, in order to assist the operators in 
more intelligent prospecting, the Illinois Geological Survey issued outline 
reports on geological conditions and recommended deep drilling in certain 
favorable areas. The 1920 Press Bulletin, particularly, outlined areas 
worthy of deeper drilling. The Martinsville deep production was dis- 
covered by drilling in one of these areas. 

The first deep test drilled in the Martinsville pool was planned as a 
test of the Trenton, and was the Trenton Rock Oil and Gas Company’s 
John Carper No. 1, as indicated on the accompanying map (Fig. 9). 
While drilling in a hole full of water from the ‘‘Mississippi lime” at ap- 
proximately 1,250 feet, a strong showing of oil was found in a sand in the 
Kinderhook shale of Mississippian age at approximately 1,350 feet, or 
more than 1,000 feet above the proposed depth of the well. The well was 
completed with an initial production of 150 barrels after a shot, and de- 


*L, A. Mylius, Illinois State Geol. Survey Press Bulletins (October, t919, and 
July, 1920). 

Frank DeWolf and L. A. Mylius, “A New Trenton Field in Illinois,” Bulletin 
Amer. Assoc. Petrol. Geol., Vol. 4, No. 1 (1920), pp. 43-46. 
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clined to 25 barrels in a week, but was producing approximately 20 barrels 


a day at the end of six months." 
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Fic. 9.—Subsurface structure of Martinsville pool, contoured on base of Sweet- 


land Creek shale. 


After the discovery of this more shallow commercial production in 
1922, exploitation was carried on rapidly. In 1925 a well drilled deeper 
in search of other possible producing horizons found oil in a porous 


«L. A. Mylius, ‘Oil and Gas in Eastern Illinois,” Illinois State Geol. Survey Bull. 


44-C (1923), footnote, p.¥39. 
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weathered zone in the top of the Devonian limestone at a depth of ap- 
proximately 1,550 feet. At this time the practice was established of drill- 
ing at the same time the Carper sand at approximately 1,350 feet and 
the “‘Niagaran” at 1,550 feet, using one string of casing to shut out the 
upper water and setting a perforated liner on a shoulder at the top of the 
Devonian limestone to exclude possible cavings. Most of the wells pro- 
ducing from the Carper sand were deepened by the end of 1926 and pro- 
duced oil from both “pays.” 
STRATIGRAPHY 

A typical stratigraphic section of the Martinsville pool shows that the 
surface rocks are Pennsylvanian in age and are composed largely of 
shales with sandstone beds in the lower part from which oil production is 
obtained. 

The Pennsylvanian strata lie unconformably on limestones of lower 
Mississippian age. Additional production is obtained from the upper 
weathered part of this limestone series in part of the Martinsville pool. 
Lower Mississippian shales, thought to be of Kinderhook age, underlie 
the limestones; and it is in this shale series that the Carper sand occurs. 

The Devonian limestone, or “‘Niagaran”’ of the drillers, lies uncon- 
formably beneath the Kinderhook shales. Of the ‘‘Niagaran,” the upper 
30 or 40 feet is the producing zone. Lower parts of the Devonian have 
been drilled but little in the area; nevertheless, it does not seem probable 
that other producing horizons will be discovered above the “Trenton”’ 
limestone. 

Producing beds —The basal Pennsylvanian sands are lenticular and 
owe their porosity to original conditions of deposition. 

The lower Mississippian limestone has been considerably weathered 
and owes its porosity largely to secondary processes during the post- 
Mississippian period of erosion. 

The Carper sand is a very fine-grained sandstone which was de- 
posited irregularly during a time of general shale deposition, and the 
sand was probably deposited by mild off-shore currents. Commonly two 
or more beds of the sandstone are reported in drill records, with 10-15 
feet of dark shale between them. In a few wells as many as four beds of 
sandstone are reported in the Carper zone. Ordinarily the top sand is 
barren of oil, although in a very few wells it has produced. The second 
sand lens is generally the principal producing member of the Carper group. 
The oil in the Carper sand is accompanied by a notable amount of gas 
under pressure; but because of the low permeability of the sand, produc- 
tion is generally small. 
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The “Niagaran” is a porous weathered zone, in the upper part of the 
Devonian-Silurian limestone series, which is cavernous on a small scale 
because of the solvent action of percolating waters during the post- 
Devonian time of erosion, It is characterized by a greater uniformity of 
porosity than is the Carper sand and is a dependable zone, for no test 
drilled deep enough in the area has failed to find it porous. 


STRUCTURE 


As shown on the general map of the Illinois-Indiana region, the Mar- 
tinsville pool is situated high on the gently-dipping east flank of the La 
Salle anticlinal fold. Although the anticline is clearly a structural feature 
of the region, as shown by the contours based on the Pennsylvanian coal 
(Fig. 1), the structure shown in the Pennsylvanian strata seems to be 
principally the result of renewed deformation in post-Pennsylvanian 
time in areas subjected to important pre-Pennsylvanian folding. De- 
tailed studies' in large areas in Clark County and the counties north have 
shown that in much of the territory on the high part of the La Salle 
anticline a notable relief had been developed on the surface on which the 
basal Pennsylvanian was deposited, and that in many places the local 
erosional elevations correspond with areas of local structural uplift. The 
principal uplift of the Martinsville region has a trend slightly west of 
north, but the local fold on which the deep production is found has a 
northeast trend and makes an angle of about 40° with the trend of the 
regional uplift. 

The structure maps accompanying this report show contours drawn 
on the top of the Casey sand of the Pennsylvanian, the top of the Missis- 
sippian limestone, and the base of the Sweetland Creek shale of the 
Devonian.? In comparing the structure shown on the horizons contoured, 
full cognizance should be taken of the relative abundance of data as 
shown by the well locations on the maps, for well records represent the 
only source of information. Further, the records of the older shallow 
wells are generally very meager, making correlations difficult. The records 
of the deeper wells below the Mississippian lime are generally detailed 
and accurate, . 

The contours drawn on top of the Casey sand of the Pennsylvanian 
(Fig. 10) show a slight suggestion of an anticlinal nose in the Martinsville 

rL. A. Mylius, “Oil and Gas Development and Possibilities in Parts of Eastern 
Illinois,” Illinois State Geol. Survey Bull. 44-C (1923). 


2L. A. Mylius, maps of Casey sand and top ‘‘Mississippi lime” from bulletin now 
in press; Gail F. Moulton, maps of structure of base of Sweetland Creek shale from 
Illinois State Geol. Survey, Illinois Petroleum No. 4 (1926). 
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Fic. 10.—Subsurface structure of Martinsville pool on shallow producing beds. 
(Map by L. A. Mylius, Illinois Geol. Survey Bull. 54 [1928], Plate 29.) 
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area. The contours showing the elevation of the surface of the Missis- 
sippian limestone more plainly indicate a dome. Each of these structures 
seems to have a north-south trend which is essentially parallel with the 
regional folding. The structure of the base of the Sweetland Creek shale 
shown on the map (Fig. 9) is a rather pronounced anticline with a north- 
east-southwest trend and a somewhat steeper dip on the southeast flank 
than on the northwest. 

The relation of these structures strongly suggests that the principal 
local folding which caused the accumulation in the Carper sand and the 
“Niagaran’”’ took place in pre-Pennsylvanian time. There are no data avail- 
able to show whether there was appreciable warping after the close of the 
Devonian and before the deposition of the overlying shale, but the 
variation in the thickness of this shale in an Indiana area is strongly sug- 
gestive of such warping. The Carper sand in the Martinsville pool is so 
irregular, as shown in the cross sections (Fig. 11), that results of an attempt 
to determine whether the intervals between the sand and the top of the 
Devonian lime were constant would be of doubtful significance. 

Evidently the cross fold on which the Martinsville deep production 
has accumulated represents the result of horizontal movement along the 
axis of the La Salle anticline in conjunction with compressional forces 
acting normal to it, so that a rotational strain was set up with the axis 
of elongation trending northeast. In other words, the earth mass east of 
the La Salle fold had a north component of motion relative to that west of 
the La Salle fold. 

If Chester sedimentation once extended north into Clark County, as 
it probably did, the streams during the post-Chester and pre-Pennsylva- 
nian erosion were cutting through a series of alternately hard and soft beds 
underlain by a somewhat thick series of resistant limestones. Normally, 
the erosion of such a series of reasonably uniform. resistant beds, like 
the Mississippian limestones of the area, would result in rather close 
correspondence between topographic elevations and structural elevations, 
provided erosion did not completely remove the limestones from parts of 
the area. Accordingly, it is concluded that the pre-Pennsylvanian folding 
was a very important factor in determining the location of production 
from the top of weathered Mississippian limestone, for most of it comes 
from local erosional elevations on the general uplift. 

There is no conclusive evidence as to the origin of the Pennsylvanian 
structure in this area, except that there was general folding along the La 
Salie anticline in post-Pennsylvanian time. The data do not show whether 
the small local domes in the Pennsylvanian are generally related to folds 
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in the underlying beds or not. There is some possibility that differential 
compacting over some of the topographic elevations, developed on the 
pre-Pennsylvanian surface, combined with longer continued sand deposi- 
tion in some such places, resulted in the local irregularities in the Penn- 
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Vic. 11.—Structural cross sections of Martinsville pool (Fig. 9), showing irregular 
sand conditions of the Carper (middle of section) and position of the ‘“Niagaran”’ 
(bottom of section). 


sylvanian structure. There is the additional possibility that in the post- 
Pennsylvanian compression, which caused a further depression of the coal 
basin west of the La Salle anticline, the active forces were transmitted to 
the incompetent Pennsylvanian strata largely through the more com- 
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petent underlying Mississippian limestone. Accordingly, those parts of the 
limestone which projected up into the Pennsylvanian series should have 
acted somewhat as buffers and caused local disturbances. This hypothesis 
is offered as an alternative explanation for the occurrence of the slight 
Pennsylvanian fold over the erosional elevation in the Mississippian 
limestone. 


RELATION OF PRODUCTION TO STRUCTURE 


The production from the Pennsylvanian sand seems to be influenced 
to a considerable extent by the structure, but variation in porosity of the 
sand was undoubtedly a very important factor in determining where oil 
would accumulate. The dips in the Pennsylvanian are so gentle that it 
is difficult to determine whether the structure was as important a factor 
as sand conditions in causing oil accumulation. 

The accumulation of oil in the Mississippian limestone was determined 
largely by the presence of elevations in the erosional surface on which the 
Pennsylvanian was deposited. The rate and amount of production from 
the limestone are dependent on the development of porosity and on the 
permeability of the limestone—conditions produced by weathering proc- 
esses in pre-Pennsylvanian time. 

As the Carper sand is lenticular in character, production from it is 
determined by a combination of the primary structure, due to conditions 
of deposition, and the secondary structure which resulted from folding. 
For that reason the production is not found on the highest parts of all the 
folds, but rather in the higher part of each separate porous sand body, 
whether it be near the crest or some distance down a flank of the fold. 
The irregularity of the Carper sand also causes large variation in the pro- 
ductivity of the wells. 

The structural control of production from the “pay” at the top of the 
Devonian limestone is very marked, for this permeable zone is essentially 
continuous. Wells drilled on the high part of the structure find the “pay” 
to be oil-saturated through a considerable thickness and to produce a 
large amount of oil with but little water. The wells located a short 
distance down the flank find less of the oil-saturated ‘“‘pay”’ and produce 
a much larger amount of water. At the edge of the producing part of the 
structure there is a slight showing of oil immediately before the wells are 
drilled into water. As far as present development has shown, the division 
between producing and non-producing territory in this “pay” is parallel 
with a structural contour enclosing the field. 
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FRANcisco Poot, Gisson County, INDIANA’ 
By Gail F. Moulton 


INTRODUCTION 

The Francisco pool, in Sections 13 and 24, Center Township, Gibson 
County, as shown on the regional map, was discovered, in 1922 by a well 
drilled by Mann, Huber, and Tichenor of Evansville, Indiana. During the 
next two years seventeen wells were drilled, eight of which produced oil. 
Four of the nine failures had good showings but were shot and flooded by 
bottom water and could not be repaired. 

From 1924 to 1926 there was no further development in the field. 
Late in 1926, Mann and Huber drilled a well? a short distance south of the 
center of the SE. ¢ of Sec. 13, and found good production. Seven more 
producing wells and five dry holes have been drilled since that time, and 
at the close of 1927 development has stopped. The production of this 
field, principally obtained from eight wells, is approximately 300 barrels 
per day, or about ro per cent of the total for the state of Indiana. 

The only published report on the geology of the Francisco pool is 
included in a general report on the southwestern Indiana fields of the 
Indiana Geological Survey.3 According to Logan the production in this 
field is obtained from the Sample sand of lower Chester (upper Missis- 
sippian) age. Subsequent developments have led to the discovery of gas 
in a shallow Pennsylvanian sand at a depth of 400 feet, which is of great 
value to the operators, for there is practically no gas produced with the 
oil and there was need of fuel for operating the pumping power. The oil 
has a gravity of approximately 27° A.P.I. and did not give very satis- 
factory results with the equipment installed. 


STRATIGRAPHY 

The typical rock section of the Francisco pool is shown in the graphic 
well log accompanying the structure map (Fig. 12). The surface rocks are 
of Pennsylvanian age and are composed largely of shales in the upper 
part and an important basal sandstone. Coal beds and limestone beds 
form a minor part of the Pennsylvanian. Of the coals, a bed at a depth of 
approximately 225 feet (Indiana coal No. 5), is of considerable commercial 
importance. 

The Chester series of upper Mississippian age underlies the Pennsyl- 
vanian formations and is composed principally of shale, but contains im- 

* Presented through the courtesy of Mann and Huber, Evansville, Indiana. 

2 Private report by the writer. 

3 W.N. Logan, “Geological Conditions in the Oil Fields of Southwestern Indiana,” 
Indiana Dept. of Conservation Publication No. 42, pp. 48-55. 
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portant beds of limestone and sandstone. The producing sand lies ap- 
proximately 300 feet below the top of the Chester at a depth of approxi- 
mately 1,400 feet. Some of the wells have penetrated the Chester strata 
below the producing sand, but none of them in this area has been drilled 
into the thick limestones of the lower Mississippian. 
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I'ic. 12.—Subsurface structure of Francisco pool, contoured on Indiana No. 5 coal 
and on Beech Creek limestone. 


As the lower formations have not been tested on this structure, the 
probability that they will be found productive cannot be estimated. In 
view of the established productivity of some of these beds in pools near 
by, it is believed that drilling to test them on the highest part of the 
structure is justified. 

Producing sand.—The producing sand, which is correlated as the 
Sample formation by the Indiana Survey,’ is fairly well sorted and is com- 


1\W.N. Logan, op. cit., p. 49. 
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posed of subangular to angular grains with an average diameter of 0.3 
mm. The upper part of the sand is somewhat lenticular and in some parts 
of the area becomes shaly. Cores taken from the well near the center of 
the SE. 4 of Sec. 13 with a cable-tool core bit provided by the courtesy of 
the Keystone Driller Company showed that the sand was rather uniform 
in porosity, having a connected, oil-saturated porosity of 17 per cent. 
The porosity of this sand is primary. 

The lower part of the sand seems to be more permeable than the upper 
part and to be saturated with water in all parts of this structure. It is 
believed that at least the lower 10 feet of the sand is water-bearing, even 
on the highest part of the structure. 


STRUCTURE 


Regional structure—As shown on the general map of the Illinois- 
Indiana region (Fig. 1), the Francisco pool is on the west-dipping mono- 
cline on the west side of the Cincinnati arch, which is east of the area of 
this map. The generalized contours on the coal do not show the presence 
of any fold at this place, for the structural irregularities are too local to 
be indicated on such a small-scale map. 

Local structure-—The detailed map of the Francisco pool (Fig. 12) 
shows the structure of the Indiana No. 5 coal by means of dotted con- 
tours. Most of the data giving the coal structure were obtained from coal 
tests, for the oil operators, fearing damage suits from coal operators, make 
a practice of reporting only dark shale at the horizon of the No. 5 coal, 
and record presence of coal only rarely. The coal data indicate the pres- 
ence of a rather well-defined fold in the area which is now productive, 

The heavy contours are drawn to show the structure of the Chester 
beds (Fig. 12) and are based on elevations of the base of the Beech Creek 
limestone above a datum plane 1,000 feet below sea-level. These contours 
indicate the presence of a dome having an east dip of more than 4o feet 
in a quarter of a mile, anda closure of 40 feet. The dome is elongate ap- 
proximately north and south. It is mapped for 2 miles along its axis. 

The structure of the Pennsylvanian here, as in most of the oil pools 
in southwestern Indiana, is similar in its general features to the structure 
of the Chester series below. As might be expected, a pronounced Penn- 
sylvanian fold, like the one on which the Francisco pool has been de- 
veloped, bears a close resemblance to the Chester structure below, except 
in minute details. Drilling on the basis of coal structure in this locality 
probably would have resulted in the discovery of the best part of this pool 
by the first well drilled, 
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The best wells have been obtained on the highest part of the structure. 
Except for the irregularities in the top of the sand, as shown in the cross 
section (Fig. 13) along an east-west line through the central part of 
Section 13, the accumulation of oil in this field is governed by structural 
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Ftc. 13.—Cross section A—B through Francisco pool (Fig. 12). Depths in feet. 


conditions in accordance with the anticlinal theory. The wells on the 
south end of the structure, however, are producing from thin beds of sand 
which occur above the main body of oil sand. To take the irregularities 
in the sand into consideration, a contour map showing the elevation of 
the top of the sand might be prepared. The boundary of production 
would be found parallel with contours on the sand surface. 


VIRGIL POOL, GREENWOOD COUNTY, KANSAS? 


A. L. BEEKLY? x 
Tulsa, Oklahoma 


ABSTRACT 


The Virgil pool is one of the early pools to produce from the “Mississippi lime” in 
Kansas. Since 1916 the pool is estimated to have produced 5,000,000 barrels of 37°- 
41° Bé. gravity crude from small long-lived wells located in an area of more than 
1,000 acres. The pool is on a well-defined closed anticline which has been the governing 
factor in the accumulation of the oil. 


INTRODUCTION 


The Virgil pool is one of the older ‘‘First-break”’ pools in Kansas. It is 
best known as a pool of small wells of exceptional staying qualities and as 
a structural accumulation in which the distribution of paying production 
on the structure is irregular to the point of being streaked. 

Acknowledgments are made to the Mid-Continent Petroleum Corpo- 
ration for permission to publish the maps and data contained in this 
paper; to L. J. Youngs, who mapped the surface structure and offered 
valuable suggestions; and to B. R. Mills, who did the drafting on maps 
and sections. The writer is also indebted to John L. Rich for determina- 
tion of the Lansing-Kansas City division lines as shown in Figures 3 and 4. 


LOCATION 


The Virgil pool proper centers about Sec. 14, T. 24 S., R. 12 E., in 
northeastern Greenwood County. This section is approximately 3 miles 
southwest from the town of Virgil on the Chanute-to-Emporia branch of 
the Santa Fe Railroad. The Virgil structure lies mainly in the eastern 
half of the township, but for present purposes the township is mapped 
complete. 

PRODUCTION 


On October 12, 1916, the Cosden Oil and Gas Company completed 
the discovery well of the Virgil pool. This well, Wayham No. 1, in the 
southeast corner of Section 14, made 15 barrels, initial production. Since 


* Manuscript received by the editor, November 26, 1928. Presented by title before 
the Association at the Tulsa meeting, March 26, 1927. 
2 Chief geologist, Mid-Continent Petroleum Corporation. 
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this beginning, 230 wells have been drilled, of which approximately 193 
were oil producers, 10 were gas wells, and the remainder dry holes. The 
scattered productive areas have been very closely drilled, with an average 
of 1 well to 5 acres, so that the total oil-producing wells represent slightly 
less than 1,000 productive acres. Although production figures on the 
entire field are not available, the productivity of the pool is indicated with 
some degree of accuracy by the history of 34 producing wells on which 
figures are available. The average initial production of these wells was 
28.5 barrels per day; and up to and including May, 1928, they had pro- 
duced 947,377 barrels, or an average acre yield of 5,573 barrels. These 
wells produced nearly 3,000 barrels in the month of May, 1928. The ulti- 
mate recovery from the acreage represented will, in all probability, exceed 
6,000 barrels per acre. 
PRODUCING HORIZONS 


Three wells in Sections 6 and 7 and 4 or 5 wells in Section 36 have 
produced from a sand in the lower part of the Cherokee, which is at, or 
near, the horizon of the Bartlesville sand. In most of the township this 
sand is absent or represented only by a sandy shale streak which has 
yielded showings of oil and gas in many places but no commercial produc- 
tion other than that already mentioned. Practically all of the important 
oil production of the Virgil pool comes from the so-called “First break,”’ 
which is a porous zone at, or very near, the top of the ‘‘Mississippi lime.” 
In the northeast corner of the SW. + of Sec. 23 a well which penetrated 
the ‘‘First break” from 1,694 to 1,719 feet, continued through “‘Mississippi 
lime” to 2,071 feet, through shale to 2,124 feet, and got a hole full of 
water in sand from 2,124 to 2,134 feet. Only two other pre-Mississippian 
tests have been drilled in the township, one in the northeast corner of 
the SW. < of Sec. 31, and the other in the southeast corner of Sec. 32. 
These holes also filled with water from the deep sand. No samples of the 
deep formations penetrated in these three wells are available for study; 
but in view of the fact that the three logs are closely correlated as to 
thickness and character of the ‘Mississippi lime” and the 60 feet of under- 
lying black shale, this shale is believed to be Chattanooga, and the sand 
upon which it rests, the Ordovician Mounds (“‘Wilcox’’) of Oklahoma. 


STRATIGRAPHY 
The conspicuous outcropping beds of the township in which the Virgil 
pool is located are the Topeka, Deer Creek, and LeCompton limestones 
of the Shawnee group of the Pennsylvanian. The Deer Creek is separated 
from the Topeka above by the Calhoun shale approximately 4o feet in 
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thickness, and from the LeCompton below by approximately 60 feet of 
Tecumseh shale. The limestone outcrops are shown on the areal and 
surface structure map (Fig. 1), and the stratigraphic column downward 
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Fic. 1.—Limestone outcrops and surface structure, Virgil pool, Greenwood County, 
Kansas. Datum, Lecompton limestone. Contour interval, ro feet. The area mapped 
is T. 24 S., R 12°E., 6 miles square. 
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into the top of the ‘‘Mississippi lime”’ is shown in the cross sections A-A 
and B-B, Figures 3 and 4. The lower 200-300 feet of the Shawnee is 
present; and below it are the several groups with approximate thicknesses 
as follows: Douglas, 400; Lansing, 260; Kansas City, 200; Marmaton, 
300; and Cherokee, 250 feet. Each of the three deep wells in Sections 23, 
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31, and 32 which penetrated formations below the “Mississippi lime” 
showed approximately 350 feet of “Mississippi lime,” then so-7o feet of 
black shale, and stopped in water sand which, in Section 23, is in contact 
with the black shale and in the other two wells is separated from it by a 
thin gray lime. The black shale is correlated with the Chattanooga, and 
the water sand is believed to be Upper Ordovician; probably the Mounds 
sand (‘‘Wilcox”’) of Oklahoma. It should be borne in mind that the Virgil 
pool was mainly developed before the value of formation samples was 
appreciated and before the saving of them became general practice. All 
subsurface correlations are therefore based on drillers’ logs and such 
descriptive matter as is contained in them. On the accompanying cross 
sections, group division lines have been shown and a few of the better- 
known formation members have been named. Logs of wells in the district 
indicate a uniform thickness of ‘Mississippi lime.” They show no evi- 
dence of angular unconformity; and although erosion of the lime top is 
evident, the Cherokee was probably deposited on an almost perfectly 
peneplaned Mississippian surface. 


STRUCTURE 


The Virgil pool is located on a surface structure having more than 60 
feet of closure with its top in the west-central part of Section 23 and its 
long axis extending approximately from the center of Section 12 to the 
center of Section 27. Figure 1 shows the surface structure in detail as 
mapped on the top of the LeCompton limestone and on intervals between 
this datum bed and the Deer Creek and Topeka limestones, which also 
served as excellent markers. The subsurface structure shown by Figure 2 
is contoured on the top of the “Mississippi lime.” Although not recog- 
nized as a satisfactory marker in many localities in Kansas, it was used 
in this field for the reasons that it happens to conform very closely with 
the surface structure and also with that of the Lansing or Kansas City 
limes and that it is stratigraphically within a few feet of the principal oil- 
producing horizon. The 115 available well logs show such remarkable 
regularity of section and intervals that the subsurface structure as mapped 
on the top of the “Mississippi” cannot differ in any essential respect from 
that of any higher bed or that mapped at the surface. 


ACCUMULATION AND SOURCE 


Figure 2, showing the distribution of oil wells, gas wells, and dry holes 
on the subsurface structure, shows the areas of maximum accumulation, 
but it should not be inferred from this that the blank spaces on the 


146 A. L. BEEKLY 


higher part of the structure are entirely barren of oil. Small initial produc- 
tion and price fluctuations of crude oil have made it difficult for the oper- 
ators to decide how far to extend drilling operations, and most decisions 
have been made on the initial production and staying qualities of ad- 
jacent wells. Initial production from the wells drilled has ranged from 
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Fic. 2.—Production map and subsurface structure, Virgil pool. Datum, top of 
‘(Mississippi lime.”” Contour interval, ro feet. Area mapped is the same as in Figure r. 


about 8 to 50 or more barrels per day; and since the producing areas are 
only locally defined by dry holes or water wells, it is reasonable to believe 
that the accumulation of oil covered most of the high part of the structure 
and that additional wells of perhaps smaller initial production could be 
completed on most of the properties in the pool. The Virgil structure is a 
textbook example of the closed anticline which makes a perfect trap for 
oil accumulation and is undoubtedly the governing factor in the concen- 
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Fic. 3.—Cross section A-A, Virgil pool (Fig. 2). 
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tration of oil in the pool. The deep well in Section 23 shows only water 
in the sand immediately below the Chattanooga—a condition that seems 
to preclude the possibility of upward movement of oil locally from the 
Ordovician, and leaves but one explanation for the accumulation, namely, 
movement of oil up the dip through the porous zone from which the oil 
is produced. This pay horizon, known to the drillers as the “top of the 
lime” or the “First break,” is a porous zone in the lime, cherty in some 
localities but nowhere a true sand. The variable porosity of this zone 
accounts for the distribution of rich and lean producing areas on the anti- 
cline. Study of the well logs gives the impression that the porous pay 
streak is not a perfectly definite stratigraphic horizon but that it ranges 
slightly upward and downward within a restricted zone which as a unit 
is conformable with the lime beds below. 

The Virgil pool is in the rank of the many which offer no conclusive 
evidence as to the origin of the oil. The facts available seem to leave an 
open question as to whether the source was local in the Cherokee shales 
with which the “pay”’ comes in contact in many places, or remote, with 
migration of the oil from great distances through the porous zone in 
which it was finally trapped. In support of the former, it is true that oil 
of almost identical character and gravity is found in isolated sand lenses 
at the Bartlesville horizon in the Cherokee, with no apparent media 
through which long-range migration could have taken place. It is equally 
true, however, that the “First break,” or “Mississippi lime pay,” is 
widespread in Kansas and Oklahoma; and, with few exceptions, penetra- 
tion by the drill has encountered oil or water, indicating that the porous 
zone is sufficiently continuous to permit long-distance migration. This, 
coupled with the fact that the ‘‘Mississippi” has in some localities pro- 
duced oil from structural traps in which no oil was found in the Bartles- 
ville, favors the theory that at some distant point where conditions were 
favorable, lower Mississippian or pre-Mississippian oil moved upward 
through the section and migrated laterally through the porous ‘First 
break” to the structural traps from which it is produced. 


MADISON SHOESTRING POOL, GREENWOOD COUNTY, 
KANSAS" 


A. E. CHEYNEY? 
Russell, Kansas 


ABSTRACT 


The Madison oil field is a part of one of the “shoestring” lines of production in 
Greenwood County, Kansas, which produce from Bartlesville sand lenses of great 
linear extent. The pattern and shape of the lenses, their double convex cross section, 
and their distribution with respect to paleogeography indicate that they represent 
sand bars and tidal delta bars formed by waves, currents, and tides near shore lines. 
Some of them may represent stream-channel deposits. 

Structure as represented by surface beds, the base of the Kansas City formation, 
and the top of the ‘‘Mississippi lime’? seem to conform but to be without definite rela- 
tion to Bartlesville sand deposits except that these lenses occur between and on the 
sides of ‘Mississippi lime” buried hills, with the exception of the Seeley, Clark-Wick, 
and Shambaugh pools. Inasmuch as Bartlesville sand bodies are lenticular and are 
surrounded by shale which may have been the source rock, they are excellent oil 
reservoirs. 


INTRODUCTION 


The Madison pool, in the northeast part of T. 22 S., R. 11 E., Green- 
wood County, Kansas, on the main Sallyards-Thrall-Madison trend (Fig. 
1), has been studied as a type because many of the wells in this pool were 
drilled entirely through the Bartlesville sand and most of the logs and 
elevations of the wells were already at hand. 

The construction of the cross sections in the Madison pool was 
prompted by a desire to learn (1) the shape and origin of the Bartlesville 
sand deposits; (2) the relation, if any, between the sand deposits and the 
structure as represented by the surface beds, the Kansas City formation, 
and the top of the “Mississippi lime’’; and, consequently, (3) the relation 
between structure and the accumulation of oil in the “‘shoestring”’ pools of 
the Greenwood County district. 


ACKNOWLEDGMENTS 
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permission to publish this discussion. Thanks are due to J. R. Eichel- 
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' Manuscript received by the editor, June 22, 1928. 


* Geologist, Transcontinental Oil Company, Tulsa, Oklahoma. 
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DISTRIBUTION OF SHOESTRINGS 


Sand lenses of relatively narrow width and great length are called 
“shoestrings.”” They are seldom noticed unless they are conspicuous fea- 
tures in the areal geology, as the Verden sandstone on the geological map 
of Oklahoma and the conspicuous lenses on the geological map of Missouri. 
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Fic. 1.—Oil pools in Sallyards-Madison trend, Greenwood County, Kansas. 
Width of area mapped, approximately 31 miles. 


Oil developments have shown that they are numerous in eastern Kansas‘ 
and in Greenwood County, Kansas, as shown in Figure 1. 

Discovery of shoestring production in Greenwood County was in 
the Sallyards and Teeter fields. Drilling in search for anticlinal production 
by means of wells located on noses mapped at the surface opened other 
fields which have been found to align in two major northeast-southwest 
trends and in several less clearly defined trends at right angles. The major 


‘John L. Rich, “Shoestring Sands of Eastern Kansas,” Bulletin Amer. Assoc. 
Petrol. Geol., Vol. 7 (1923), p. 103; Vol. ro (1926), p. 568. 
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trends connect the Scott and the Browning fields, and the Sallyards and 
the Madison fields. The most notable cross trends extend from the 
Burkett to the Atyeo field, from the Ellis past the Harris field, and from 
the Shambaugh to Fankhouser field. 


STRATIGRAPHY 


‘ 

The stratigraphic section from the surface to the top of the “Missis- 
sippi lime” is the standard Pennsylvanian column. The “Mississippi 
lime” represents the eroded remnant of the Mississippian section. 

The position of the Bartlesville sand in the Greenwood County district - 
may be placed in the Cherokee shale of Pennsylvanian age, from 30 to 200 
feet above the top of the “Mississippi lime.’’ A thick body of sand may 
extend to the top of the Mississippian. In the upper part of the Cherokee 
shale, above the Bartlesville horizon, other sand lenses are commonly 
encountered. 

CROSS SECTIONS OF THE MADISON POOL 


In the cross sections (Fig. 2) it will be noticed that the formations 
from the surface to the top of the Kansas City formation are omitted. 
The base of the Marmaton formation is less easily distinguished and per- 
haps more carelessly logged by drillers than is the base of the Kansas 
City formation. 

It is well known that the Bartlesville sand deposits are lenticular and 
irregular in shape. The thickness of the sand ranges from nothing to 
100 feet. Sandy shale may occur above, below, or between the sand lenses. 
In many places shale breaks separate the sand body into different layers. 

In the longitudinal section A—B (Fig. 2) which is 3} miles long, the 
sand body is decidedly arched in the middle of the section, with each 
end of the section lower than the middle. The same arching exists 
at the base of the Kansas City formation. In other words, if a smooth 
curve were drawn representing the base of the Kansas City formation, 
and another curve representing the top of the Bartlesville sand, they 
would be very similar. The other three sections are at right angles to 
section A~B and are much shorter. In section C—D the sand is exceedingly 
irregular, but the dips on the top of the main sand body correspond with 
the dips on the base of the Kansas City formation. In section C—D the 
structurally low wells have a great amount of sandy shale with thin 
sands. In this situation the low wells were abandoned, but the high 
wells were producers with thick bodies of sand. The base of the sand 
is arched near the west end of the section and is about 25 feet lower at 
each end of the section. Section C-D is $ mile long. A more uniformly 
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shaped sand was found in section E-F, the greatest thickness being in log 
No. 25, with a gradual thinning toward the west and an abrupt thinning 
at the east end. The top of the sand in section E-F parallels the base of 
the Kansas City formation only in a general way, as log No. 21 is low, 
No. 25 is high, and No. 27 is relatively high on each horizon. The base 
of the sand slopes gradually eastward to log No. 6, where it rises abruptly. 
Section E-F is 14 miles long. In section G—-H the top of the Bartlesville 
sand may be compared very well with the base of the Kansas City forma- 
tion, if the sand in log No. 28 is considered as being above the regular 
Bartlesville horizon. In log No. 33 the Bartlesville is more than 41 feet 
thick, and thins toward the east in one location to 5 feet of sand and 45 
feet of sandy shale, and gradually decreases in thickness toward the west. 
The shape of the base of the sand in section G—H is not clearly defined, 
since only the two end-wells penetrated the full extent of the sand. But 
it is quite probable that the other wells stopped very near the bottom of 
the sand, which would show a slight arching in the middle of the section, 
as in A—B and C—D. Section G—-H is 14 miles long. It must be taken into 
consideration that the Bartlesville sand is a lenticular, irregularly shaped 
deposit, and cannot be expected to correspond very closely in detail with 
the dips of the Kansas City formation, which is rather uniform in thick- 
ness. 


POSSIBLE ORIGIN OF BARTLESVILLE SAND BODIES IN THE MAIN TRENDS 


The present Bartlesville oil pools are all in thick bodies of sand. It 
is well known that thin deposits of Bartlesville sand have been found 
outside the present producing trends, widely separated in the Greenwood 
County district, although many tests have shown the Bartlesville sand 
to be entirely absent. These widely-separated thin deposits of Bartles- 
ville sand may be situated anywhere in the Bartlesville horizon, with 
reference to the thick sands of the producing pools, but as a rule are found 
in the upper part of the horizon or from 150 to 180 feet above the top of 
the ‘‘Mississippi lime.” 

In attempting to determine the origin of the Bartlesville sand bodies, 
it is important to consider their shape. In six of eight cross sections of the 
Teeter trend published by Cadman’ the base of the sand is decidedly 
arched between the two ends of the sections, and the top of the sand is 
very uneven and hilly, Generally the high point on the top of the sand is 
directly over the high point on the base of the sand. Likewise, three of the 


'W. K. Cadman, “The Golden Lanes of Greenwood County, Kansas,” Bullctin 
Amer. Assoc. Petrol. Geol., Vol. 11 (1927), pp. 1151-72. 
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four cross sections in the Madison pool show the base of the Bartlesville 
sand to be arched between the ends of the sections, and in one section the 
base of the sand curves downward between the ends of the section. The 
top of the sand is very irregular, and in only one section of the Madison 
pool is the high point on top of the sand directly over the high point on 
the base of the sand. 

In considering stream-channel deposits, it is known that streams of 
old age meander and that streams of youthful age have deep channels 
with steep sides and no flood plain. The patterns of the producing trends 
(Fig. 1) do not seem to show meandering such as would be illustrated by 
stream channels of old age. Cross sections of the Bartlesville sands in 
the producing trends of the Teeter area and the Madison area do not show 
the shape of a deep channel with steep sides, or with a fairly level top and 
rounded or pointed bottom, as we would expect in fillings of youthful 
stream channels. In stream deposits we would expect the surface to be 
somewhat irregular, though nearly flat in general. It might be suggested 
that the Bartlesville sands may have been sand dunes in part, which would 
explain their irregular surface, but if that were true, the base of the sands 
should be more irregular than is shown, as illustrated by sand dunes along 
Arkansas River in Rice and Reno counties, Kansas. 

It might be thought that the Bartlesville sands are parts of a large 
river delta, but this theory meets with some of the same objections as the 
stream-channel theory. Since the delta would have been farther from the 
source materials than the channel, it should have received finer materials. 

The Bartlesville sands have a fine-to-coarse texture. Samples! which 
were analyzed were found to be practically the same as the sand from 
several wells in Oklahoma that were known to be true shore-line deposits. 

Since the Bartlesville sands of the main trends were deposited in 
comparatively narrow strips ranging from 4 mile to 13 miles wide, and 
in view of the preceding statements, we are led to believe that most of the 
Bartlesville deposits in the main trends belong to types of sand bars such 
as are now found off the coasts of New Jersey and the Carolinas. Some 
of the deposits may be due to tidal deltas. The writer has not studied 
each pool in detail, and undoubtedly different types of sand deposits are 
found in the different pools of the trends and cross trends. A few of the 
pools in the cross trends may be stream-channel fillings similar to some of 
the shoestring pools farther east in Kansas. 

« From Transcontinental Oil Company’s Jones No. 1 in SW. Cor., SE. { of Sec. 30, 


[. 21 S., R. ro E., Lyon County, Kansas. Analyzed by L. F. Athy in the Research 
Laboratories of the Marland Refining Company at Ponca City, Oklahoma. 
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RELATION OF THE SAND BODIES TO STRUCTURAL “HIGHS” 

The normal dip of the surface beds in this area is northwest at a 
rate ranging from 20 to 30 feet per mile (Fig. 3). The Teeter-Pixlee trend 
is northeast and southwest in northwestern Greenwood County. The 
Sallyards-Thrall-Madison trend is northeast and southwest across north- 
central Greenwood County. ' 


Rees 


Rati 


Frc. 3.—Surface structure of Madison pool. Contour interval, ro feet. Width of 
area mapped, 3 miles. 


The Teeter pool proper in T. 23 S., R. 9 E., is on the northwest flank 
of a large, pronounced surface dome. The top of the dome is a little more 
than a mile southeast of production. The trend continues northeast into 
what may be termed the ‘“‘Green extension.”’ Part of the Green extension 
lies along the west side of a basin and on the southeast flank of a large 
dome. Here the top of the dome is { mile northwest of production. 
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The Browning pool in the west part of T. 22 S., R. ro E., lies at the 
base of steep west dip, about 2 miles west of a general terracing and im- 
mediately east of a syncline and basin. 

The Pixlee area in the northwest part of T. 22 S., R. 10 E., lies west 
and southwest of a general “high” dipping northwest across the north 
part of the township. Part of the Pixlee wells are producing from the 
“First break” in the “Mississippi lime.” 

The Atyeo pool of southwestern Lyon County is on the west flank of 
the “high” plunging northwest from T. 22 S., R. 10 E. 

The Polhamus-Marshall pool in T. 24 S., R.9 E., and T. 25S.,R.9E., 
is on the west flank of a dome, the long axis trending northeast and south- 
west. 

Farther northeast along the trend, the Aagard pool in the east-central 
part of T. 24 S., R. 9 E., is on the west and northwest flank of a long dome 
trending northeast and southwest. Production is also obtained farther 
northeast through a syncline in Sec. 1, T. 24 S., R. 9 E. 

In the southwest part of T. 23 S., R. 10 E., the Thrall pool is on the 
northwest flank of a large terrace having a small closure. 

The Burkett pool in the east-central part of T. 23 S., R. 10 E., is on 
the southwest slope of a long narrow nose and, extending down and off 
the nose, crosses a basin on the northeast. This nose and basin trend 
northwest and southeast. 

The Seeley pool in the southwestern part of T. 22 S., R. 11 E., and 
the northwestern part of T. 23 S., R. 11 E., lies east of a west dip that is 
steeper than ordinary, and approximately 1 mile west of a general flat 
area that extends 5 miles north and south. Here a cross trend extends 
northwest and southeast from the Seeley pool of the main trend. 

In the west-central part of T. 22 S., R. 11 E., the Harris and Green- 
wood pools are located on normal northwest dip. 

Production northwest from the Harris pool is termed the ‘‘DeMalorie- 
Souder pool.”’ The south part is in a syncline, and the north part lies on 
the south flanks of two pronounced domes. 

The Clark-Wick pool, in the south-central part of T. 22 S., R. 11 E., 
is on the northwest flank of a terrace. 

The Madison pool (Fig. 3) is in the east-central part of T. 22 S., R. 11 
E., on the west flank of a large terrace, east of a steep west dip. The 
long axis of the terrace extends east and west, and there is a pronounced 
syncline north and south of the terrace. 

The Fankhouser pool is in the south part of T. 21 S., R. 12 E., and 
north part of T, 22 S., R. 12 E., on a northwest-plunging nose. 
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The Lamont pool trends northwest and southeast in the southeastern 
part of T. 22 S., R. 12 E., and the southwest part of T. 22 S;, Raz E: dtis 
located on a practically normal northwest dip, with a steep dip east and 
west of it, and a large basin on the north. 

The Shambaugh pool extends from Sec. 27 to Sec. 4, T. 23 S., R. 13 E., 
and is a sand lens above the ‘Mississippi lime” in the center of the Virgil 
field which produces from the “First break”’ in that lime. 

The Ellis pool in the southeastern part of T. 23 S., R. 11 E., is south- 
east of a deep basin and on the north flank of a nose dipping northwest. 

In the southwest part of T. 24 S., R. 11 E., and the southeast part of 
T. 24 S., R. 10 E., the Wiggins pool is on a terrace. The north extensions 
along the west part of the township are in a regional syncline. 

Between the Madison and Clark-Wick pools in T. 22 S., R. 11 E., 
production pinches out in the syncline, and at the north end of the Madi- 
son pool production stops at the syncline. Also between the Thrall and 
Burkett pools in T. 23 S., R. 10 E., production stops at the intervening 
syncline, 

Subsurface structure on the top of the ‘‘Mississippi lime” corresponds 
very closely with the surface structure. Any differences may be due to 
erosion of the top of the ‘Mississippi lime,” to poor well logs, or to lack 
of wells drilled to the Mississippian. 

If there is any relation between structural geology and deposition of 
the Bartlesville sand bodies, it is not known at the present time what that 
relation may be. On one dome the producing sand body lies on the north- 
west, and on another dome it is on the south or southeast side. In one 
place production may be on steep dip, and in another it is on a terrace, or 
even normal dip. In some places production pinches out at the synclines, 
and in others it crosses synclines. Many producing trends extend at right 
angles to the long axis of structural “highs.” 


CONCLUSIONS 


In some of the cross sections the dip on the top of the Bartlesville 
sand corresponds in a general way with the dip on the base of the Kansas 
City formation. 

In most of the cross sections along the short axis of the sand bodies 
the sand is arched in the central part of the section, with each end lower 
than the arched part. In some of the cross sections the sand bodies are 
thick in the middle and thin out at the ends; in other sections the sand is 
thick at one end and in the middle and thins out at the other end. Thin- 
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ning of the sand bodies may be abrupt or gradual; there is no general rule 
in this respect. 

The shape of the sand bodies and the pattern of the trends do not 
point to stream-channel deposits but to sand bars as being the type of the 
Bartlesville sand bodies in the main trends of the Greenwood County 
district. It is possible that some of the sand bodies in the cross trends may 
be due to stream-channel fillings. Our present information indicates that 
the possible origin of the Bartlesville sand deposits in the main trends of 
the Greenwood County district is to be found in sand bars and tidal delta 
bars created by the action of oceanic waves and currents or tides near a 
shore line. 

Structure as represented by the surface beds, the base of the Kansas 
City formation, and the top of the ‘‘Mississippi lime” seems to conform, 
but there seems to be no definite relation between the Bartlesville sand 
deposits and structure except that few of them overlie “Mississippi lime’’ 
buried hills. Hence there appears to be no relation between structures on 
the surface beds, the Kansas City formation, the top of the ‘Mississippi 
lime,’ and the accumulation of oil in the Bartlesville sand trends of the 
Greenwood County district of Kansas. Since the Bartlesville sand bodies 
are lenticular, they themselves form structural “highs” or traps, which 
are excellent reservoirs for the accumulation of oil. 
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JOHN R. REEVES? 
El Dorado, Kansas 


ABSTRACT 


The El Dorado oil field is the largest in Kansas and one of the largest in the 
United States. Until its discovery in 1916, little oil had been produced in Kansas. 
Since that time the state has been one of the leading producers of petroleum. The 
accumulation of oil and gas is due to the existence of a buried anticline over which the 
younger rocks have been folded a lesser amount. Oil and gas are found in these younger 
rocks, but the major production of oil has come from the Ordovician at the uncon- 
formity between this system and the Pennsylvanian. 

The anticline, with a total structural relief of approximately 1,400 feet, is typical 
of the ‘Granite ridge” of which it is a part. Faulting and most of the folding is confined 
to the pre-Pennsylvanian rocks, although there is closure of 150 feet on the surface 
beds. Because of the erosion which took place after the major uplift, the lower part 
of the Ordovician ‘‘Siliceous lime” is in contact with the upper part of the Pennsyl- 
vanian Cherokee formation, the unconformity being measured by the absence of ap- 
proximately 1,400 feet of sediments. The stratigraphy of the pre-Pennsylvanian is 
typical of that of south-central Kansas. ; 


GENERAL STATEMENT 


The El Dorado oil field is in central Butler County, Kansas, in T. 25 
and 26 S., R. 4 and 5 E. 

Oil and gas were discovered on this anticline in 1915. Development 
was rapid during and immediately after the war period, and a daily maxi- 
mum production of 116,000 barrels was reached in 1918. The anticline 
covers 40 square miles, nearly all of which is productive. 

The El Dorado anticline is a part of the ‘‘Granite ridge,” or Nemaha 
Mountains, of Kansas. Its stratigraphy and structure (Figs. 1 and 2) 
are more or less typical of that “ridge,” which is the most important 
structural feature of the state. 


STRATIGRAPHY? 


The surface rocks are the Florence flint, Fort Riley limestone, Doyle 
shale, and Winfield limestone, belonging to the Chase formation of Per- 

* Manuscript received by the editor, December 15, 1928. Published by permission 
of the Empire Oil and Refining Company. 

2 Resident geologist, Empire Oil and Refining Company. 

3 The geology of this field is described by A. E. Fath, ‘Geology of the El Dorado 
Oil and Gas Field, Butler County, Kansas,” Geol. Survey of Kansas Bull. 7 (1921). The 
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mian age. The Lower Permian and all of the Pennsylvanian above the 
Cherokee, which are not exposed, will not be discussed here. Where 
productive, mention of these formations is made under the heading “Oil 
and Gas Horizons.”’ They are also shown graphically in Figure 3. 

The Cherokee in this area is normally 250 feet in thickness. From the 
base of the anticline it decreases in thickness toward the crest, where 
only a few feet are present. It is composed of gray and black shales, 
sandy shale, and fine-grained sandstones. 
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Fic. 1.—Ideal west-east cross section of El Dorado anticline from Sec. 7., T. 26 
S., R. 4 E., to Sec. 12, T. 26 S., R. 5 E. Length, 12 miles; height, 1,200 feet. 


Ft .Scott 


Fic. 2.—Ideal south-north cross section of southern part of El Dorado anticline 
from Sec. 31 to Sec. 8, T. 26 S., R. 5 E. Length, 5 miles; height, 500 feet. 


The Mississippian is represented by the “Mississippi lime” and the 
Chattanooga shale. The thickness of the first normally ranges from 250 
to 300 feet in this general area. It “wedges out” on the flanks of the anti- 
cline and is absent over the largest part of it, having been removed by 
erosion. 


Stapleton oil zone is described as of Mississippian age in this bulletin, whereas it is of 
Ordovician age. Actually, the Stapleton is the producing part of the highest Ordovician 
formations on this truncated anticline. Other discussions of El Dorado are in the 
Bulletin Amer. Assoc. Petrol. Geol. as follows: Eliot Blackwelder, Vol. 4 (1920), p. 90; 
R. C. Moore, ibid., p. 255; Aurin, Clark, and Trager, Vol. 5 (1921), p. 143; Rudolph 
Uhrlaub, ibid., p. 421; D. W. Williams, ibid., p. 507; A. W. McCoy, ibid., p. 564; 
Ed. Bloesch, Vol. 6 (1922), p. 322; A. E. Fath, zbid., p. 374. Also Dorsey Hager, (map 
of the surface geology) in W. H. Emmons’ Geology of Petroleum (New York, 1921), 
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The Chattanooga shale, which is questionably of Mississippian age, 
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is composed of dark gray and black shale and is normally 
70 feet thick. It is also absent over a large part of the 
anticline. 

Ordovician formations underlie the Mississippian 
unconformably. The uppermost Ordovician formation 
is a cherty dolomitic limestone ranging from 15 feet 
in thickness on the south flank of the anticline to 50 feet 
in thickness on the north flank, a distance of approxi- 
mately r2 miles. Generally it occupies the stratigraphic - 
position of the Joachim of Missouri and the Viola of 
Oklahoma, but it has not been correlated on fossil evi- 
dence. For ease of reference it is here called the Viola, 
but no inference is made that it is that formation. This 
limestone is also present on the flanks of the anticline 
but absent on the crest. 

Below the Viola is a sandstone formation 65 feet 
thick, consisting of white, rounded, frosted grains of 
quartz. Thin beds of green shale are irregularly present 
in it, and at the base occurs a persistent bed of green 
shale ranging from ro to 20 feet in thickness. This 
formation is known locally as the “Wilcox” sand. It 
occupies the same position as the formation known by 
that name in northern Oklahoma and approximately 
that of the St. Peter sandstone of Missouri. It is 
normally present on the flanks of the anticline but has 
been eroded from the crest. 

Below the St. Peter is the “‘Siliceous lime’ com- 
posed of cherty dolomitic siliceous limestone. Normally 
the “‘Siliceous lime” is approximately 1,000 feet thick 
in this general area. During the period in which all 
the previously mentioned formations were removed 
from the crest of the anticline, the ‘‘Siliceous lime”’ was 
also deeply eroded. At one place in Sec. 11, T. 26 S., 


I'1c. 3.—Type section for general area of El Dorado anti- 
cline, showing subsurface formations and oil and gas sands. 
All formations shown in normal thickness in feet. Log A is 


typical for crest of anticline. Log B is typical for area adjacent to anticline. Note 
thinning of section on anticline. 
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R. 4 E., it is only 350 feet thick, indicating that possibly 650 feet of it has 
been removed at this point. 

Granite underlies the ‘“‘Siliceous lime” and has been encountered in 
several wells on the El Dorado anticline at depths ranging from 2,700 to 
3,600 feet, the former depth being on the crest. Although granite has 
been found in some of these wells, the use of the term “basement complex” 
would probably be more appropriate. 


STRUCTURE 


The axis of the main El Dorado anticline extends northeast and south- 
west. The closure of the surface beds amounts to approximately 150 feet. 
Superimposed on the main anticline are small domes with closures ranging 
from 20 to 4o feet. The east, or reverse, side of the structure is abrupt, 
with a dip on the surface beds of 150 feet per mile. The west side slopes 
more gently with a dip ranging from 50 to 75 feet per mile. For further 
details of the surface structure, refer to Figure 4 and to A. E. Fath.* 

The subsurface structure of the lower Pennsylvanian beds conforms 
closely to that of the surface beds, with little if any increase in closure. 

The structure of the pre-Pennsylvanian formations is much greater 
and more complex than that of the surface beds. By referring to Figure 5s, 
it may be seen that the structure and relief of the Ordovician amounts to 
approximately 800 feet. On all but the highest parts of the anticline the 
contours on this map represent the structure of the Ordovician. On these 
high areas, however, they represent the surface of the Ordovician, for 
here the ‘‘Siliceous lime” is in unconformable contact with the Pennsyl- 
vanian and no control for contouring structure is available. The ‘‘Sili- 
ceous lime”’ is approximately 1,000 feet thick normally in this general area, 
but on the crest of the El] Dorado anticline it is only 350 feet thick. 
Thus, 650 feet of the formation was removed, necessitating uplift equal 
to that amount. On this basis, therefore, the total uplift of the anticline 
is near 1,400 feet. A large part of this movement is believed to be due to 
faulting rather than to folding. 

In general, the structure of the Ordovician corresponds with that of 
the surface beds, but it is more intensified. Faults in the Ordovician are 
ordinarily represented on the surface by steep dips. The crests of the 
subsurface domes are directly under those of the surface domes, indicating 
that no shifting has taken place. 

« “Geology of the El Dorado Oil and Gas Field, Butler County, Kansas,” Geol. 
Survey of Kansas Bull. 7 (1921). 

2 Gypsy Oil Company’s Shumway No. 27, NE. 4, Sec. 11, T. 26S., R. 4 E. 
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Fic. 4.—Outline structure map of El Dorado pool. (Adapted from A. E. Fath, 
State Geol. Survey of Kansas Bull. 7 [1921], Plate 14. Reproduced by permission from 
Geology of Petroleum and Natural Gas by E. R. Lilley, 1928 [D. Van Nostrand Co.]). 


EL DORADO OIL FIELD, BUTLER COUNTY, KANSAS 165 


By referring to Figure 5, the strike and throw of the faults may be 
found. Of significance is the system formed by the faults and steep dips 
which reveal themselves in a fairly well-defined pattern. The fault trend- 
ing northward on the east side of T. 26 S., R. 4 E., is definitely known to 
have a throw of 400 feet. That it continues northward into the area where 
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Fic. 5.—Structure of El Dorado anticline. Datum, top of Ordovician below sea- 
level. Contour interval, 50 feet. Width of area mapped, 12 miles. 


the ‘“‘Siliceous lime” is in contact with the Pennsylvanian is indicated by 
steep dip. In this area where structural control is lacking, the shallow 
depth to granite also suggests faulting. The fault with the northwest- 
southeast strike in T. 26 S., R. 5 E. is shown with an actual displacement 
of the surface of the unconformity of approximately too feet. However, 
the stratigraphic displacement is more than 175 feet, because the “Sili- 
ceous lime” on the upthrown side abuts the Viola and St. Peter on the 
downthrown side. 
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There is no actual evidence that the Pennsylvanian is faulted, al- 
though there is a suggestion of it in one place. Because of the possible 
inaccuracies of the well logs, this question will not be discussed. 


OIL AND GAS HORIZONS 


There are numerous producing horizons in the El Dorado field. In 
descending order the first oil sand occurs at a depth of approximately 600 
feet in the upper part of the Admire shale of the Wabaunsee formation. 
The next oil sand occurs 115 feet lower, near the center of the Admire. 
The Admire, here composed almost entirely of shale, sandy shale, and 
sandstone, comprises the greater part of the Wabaunsee formation. These 
two sandstone horizons are not known to produce elsewhere in Kansas. 

From approximately goo feet to 1,500 feet in depth there are six 
horizons which produce gas. These are in the Wabaunsee, Shawnee, and 
the upper part of the Douglas formations. Some of the horizons are 
limestone, and others sandstone. 

Oil occurs at a sandstone horizon in the lower part of the Douglas 
formation at a depth of about 1,550 feet; at the top of the Lansing lime- 
stone formation at about 1,700 feet; and at the top of the Kansas City 
limestone formation at about 2,000 feet. These are known as the 1,550- 
foot, 1,700-foot, and 2,000-foot sands. 

On the east side of the field where the ‘‘Mississippi lime’’ wedges out, 
some oil occurs in this formation. A very few wells were completed in it 
in the early days but have since been abandoned. 

The lowest producing zone, ranging in depth from 2,350 feet to 2,750 
feet, is the Ordovician and has been called the “Stapleton zone,” after 
the lease on which the discovery well of the field was drilled. It may be 
either the eroded surface of the Viola, St. Peter, or ‘“‘Siliceous lime,” 
or these formations down the dip from the truncated edges where they 
are entirely below the unconformity. There is practically no erosional 
débris at the unconformity. The oil occurs in the porous limestone of the 
Viola and “Siliceous lime” or the sandstone of the St. Peter. Generally, 
on part of the east and southeast sides of the anticline production extends 
down to the —1,500-contour but elsewhere only to the — 1,100-contour. 

The Ordovician and second Admire, or 700-foot sand, are the most 
important producing horizons in this field. All other oil horizons have 
had but comparatively few wells completed in them. The gas sands have 
been completely developed. The gravity of the oil from the Ordovician 
ranges from 33° to 36° Bé, Oil from other sands has a gravity of approxi- 
mately 36° Bé. 
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The production of the El Dorado field has been as shown in Table I. 


Propuction, Ex Dorapo Frerp* 


TABLE I 


Production Average : Average 
Year per Year pene ae Year a ye imme ae 
(in Barrels) (in Barrels) (in Barrels) (in Barrels) 
TOMO Re ae Unknown Unknown |} 1923........ 6,330,482 ofa aily 
WOM fern pee e he 19,915,569 54,563 MONS oe dae 5436, 305 14,870 
TOES ce tne | 29,198,145 79,720 LOZ Steen th 5,145,241 14,195 
IO} KON ae eee oe NiO Lente 72 48,250 TO 2 Oia omar 5,046,106 13,800 
TO2Z0r ois. hone 14,379,061 39,390 LOD cee dct tesa 5,191,462 14,210 
MO 2 Were cttgeyet ens 14,828,554 40,620 1928 (first 
LAO IA, een 6,941,032 19,010 nal) eee 2,417,852 13,280 


* Data from The Oil and Gas Journal, Tulsa, Oklahoma. The field was discovered on October Ss 
1915, and g wells were completed that year. At the end of 1916 there were 600 oil wells with an output 
estimated at 15,000 barrels a day. 


CONCLUSIONS 


The El Dorado anticline was first uplifted at the close of the Missis- 
sippian or early in the Pennsylvanian. This movement was partly 
folding and partly faulting. Folding amounting to 150 feet again took 
place some time after early Permian. Faulting in the pre-Pennsylvanian 
rocks certainly amounts to as much as 400 feet and probably more. After 
the first uplift the anticline was subjected to erosion, which removed 
possibly part of the lower Pennsylvanian, all of the Mississippian, and 
the Viola, St. Peter, and more than half of the “Siliceous lime” of the 
Ordovician. The anticline was an island during most of Cherokee time, 
depending on the exact time of the major uplift. 
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A. F. CRIDER? : 
Shreveport, Louisiana 


ABSTRACT 


The development of the Pine Island deep sands followed the exhaustion of the oil © 
from the so-called ‘‘Woodbine” sand. 

The Glen Rose limestone is found in the Pine Island field immediately below the 
“Woodbine” sand at an approximate depth of 2,300 feet. The Washita-Fredericksburg 
sediments were deposited and eroded from the crest of the dome but occur around the 
flanks of the Pine Island uplift. 

The Trinity group in this paper is separated into upper Glen Rose, 200 feet; 
anhydrite zone, 450 feet; lower Glen Rose limestone, goo feet; and red shale and sand 
zone, 2,000 feet. 

The main structural features of the region are the gentle folding of the Upper 
Cretaceous, which involves the entire area of the northern Sabine uplift and the more 
intense folding of the Comanche. The latter is confined to the Pine Island field. No 
faulting of any considerable magnitude is present. 

Three oil zones and one gas horizon have been developed to date in the Comanche 
sediments of Pine Island. 

The field has been outlined by dry holes, and the possibilities of deeper production 
are yet unknown. 


LOCATION 


The Pine Island oil field is in the eastern part of T. 21 N., R. 15 W., 
Caddo Parish, Louisiana. It is south of the Hosston shallow field and 
north and east of the old Caddo or Ferry Lake field. 


HISTORY 


The oil development of Pine Island began in 1917, when the Elton 
Oil Company drilled in its Hobbs No. 1 in Sec. 21, T. 21 N., R. 15 W., asa 
150-barrel producer from the ‘“‘Woodbine” sand at an approximate depth 
of 2,300 feet. The field was rapidly developed; and the ‘‘Woodbine”’ sand, 
on the edges of the field, soon began to make more or less salt water, which 
gradually encroached on the higher parts of the structure. At the present 
time the “Woodbine” production in this area is completely exhausted. 

On the exhaustion of the ‘‘Woodbine” production, F. H. Wickett, 
who was then president of the Dixie Oil Company, Incorporated, began 

« Presented before the Association at the Tulsa meeting, March 24, 1927. Manu- 


script received by the editor, August 31, 1928. Published by permission of the president 
of the Dixie Oil Company, Incorporated. 


2 821 Ontario Street. 
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to deepen old ““Woodbine”’ wells, believing that the oil had its origin in 
deeper formations. With the idea always in mind of drilling a 5,o00-foot 
well in the Pine Island field, several wells were commenced for deep tests, 
but all found production before that depth was reached. 

The first production below the “Woodbine” was found in the Glen 
Rose between 2,800 and 2,900 feet. This, however, was soon exhausted, 
and later the lower part of the Glen Rose became the objective on account 
of the large gas well encountered by the Dixie Oil Company in its Dillon 
No. 43 at a depth of 3,363 feet. The completion of that well on July 21, 
1922, was the real beginning of the deep-sand development in Pine Island 
and northern Louisiana. There had been other deep wells drilled in the 
general territory, but Dillon No. 43 was the first commercial well com- - 
pleted in the lower part of the Glen Rose formation. 


SURFACE STRATIGRAPHY 


In the heart of the Pine Island field, highly cross-bedded sands and 
shales and a few boulders, all of Wilcox age, form the surface. On the 
north and west, Claiborne clays and sands of Cane River age overlie the 
Wilcox. Alluvium sediments blanket the stratified rocks at the east and 
south. Table I shows the type formations penetrated and the average 
thickness of each in the Pine Island field. 


SUBSURFACE STRATIGRAPHY 
EOCENE 


An approximate thickness of 650 feet of Eocene Tertiary beds is 
present in the Pine Island field. These beds are sand, shale, and gumbo, 
with a small amount of lime in the Midway. In the drilling of wells, very 
little attention is paid to the nature of the formations until the Nacatoch 
is reached, at a minimum depth of 800 feet. 


GULF SERIES 


The Upper Cretaceous formations in this area have been given in 
detail in numerous publications, and space will not be taken here to de- 
scribe them. 

There are two well-marked horizons of the Upper Cretaceous used as 
key beds, both by drillers and geologists, in checking the formations of 
drilling wells. These are the Nacatoch sand and the Annona chalk. The 
Nacatoch formation is here a slightly calcareous sand and carries oil 
throughout the field, but is not sufficiently saturated to make producing 
wells. The top and the bottom of the chalk are both good key horizons 
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for correlation purposes. The bottom of the chalk is the most dependable 
horizon in the district for the correlation of well logs. 

The lower portion of the chalk is the source of the ‘“‘Chalk-rock”’ 
production, which has reached its greatest development in the Pine 
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Island field. Small crevices or fractures form the reservoir for “Chalk- 
rock”’ oil. 

The full thickness of the Upper Cretaceous sediments in the Pine 
Island field is approximately 1,600 feet. 


COMANCHE SERIES 


There is still some controversy as to the exact contact between the 
Upper Cretaceous and the Comanche beds. The “Woodbine” sand has, 
until recently, been considered of Upper Cretaceous age. While this is 
true of the old Caddo field, the so-called “Woodbine” sand of the Pine 
Island field is of a different character, and is probably of a different age. 
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In the Dixie Oil Company’s Dillon No. 65, Sec. 13, T. 21 N., R. 15 W., 
the top of the Comanche was encountered at a depth of 2,208 feet. The 
Comanche here is of Glen Rose age. In commenting on the samples from 
this horizon, A. L. Selig, who examined the cuttings under the microscope, 
says: 

The top of the Comanche was placed at 2,298 feet in this well, so the oil- 
bearing horizon occurs very close to the top. It is probable that the porosity is 
due to solution and secondary change to crystalline calcite close to the uncon- 
formable contact. The last sample at 2,315 to 2,317 feet, showed less calcite 
and a larger quantity of gray unaltered lime than the upper samples, which 
indicates that the drill penetrated the altered zone into solid limestone. This 
altered material is the so-called ‘‘Woodbine”’ or the 2,300-foot production of the 
Pine Island district. 


In the center of the Pine Island field, Glen Rose, which is of Lower 
Cretaceous age, immediately underlies the “Woodbine” sand. The Wash- 
ita and the Fredericksburg were probably deposited and later uplifted 
and subjected to erosion before the deposition of the Upper Cretaceous 
sediments, indicating that folding was active before the close of Comanche 
time and probably continued into the Upper Cretaceous. Red shale and 
sand, which are distinctive markers of Washita-Fredericksburg sediments 
of the surrounding area, are not found over the top of the Pine Island 
dome but are present on all sides of the structure. 

Only a few determinable macroscopic fossils have been found in the 
Glen Rose sediments of Louisiana, and these fossils have a range through 
the greater part of the formation. Microscopic fossils have been of great 
assistance in working out the stratigraphic problems of the Pine Island 
field, but even these are of assistance in determining only two or three 
definite horizons. These fossiliferous horizons and the thick bed of anhy- 
drite in the upper part of the Glen Rose make it comparatively easy to 
determine in advance where the producing gas and oil horizons will be 
encountered in drilling wells. 

The interval between the base of the Annona chalk and the top of 
the anhydrite in the Cotton Valley field is 600 feet greater than between 
these two horizons in Pine Island. The interval between the top of the 
Nacatoch and the base of the chalk in the two fields is approximately the 
same, 

The thick beds of Washita and Fredericksburg clay, sand, and lime- 
stone which are present in Cotton Valley have been eroded from Pine 


Island. 
The Washita-Fredericksburg formations in northern Louisiana con- 
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tain more or less red sand, shale, and gumbo. These red materials should 
not be confused with the red sand, shale, and gumbo which occur in the 
lower part of the Comanche section. In some parts of northern Louisiana 
the two red formations are stratigraphically 1,800 feet or more apart. The 
red materials of Washita age, surrounding Pine Island, occur at a mini- 
mum depth of approximately 2,300 feet below the surface. This depth 
increases down the sides of the Sabine uplift. The depth of the lower 
Comanche red materials in Pine Island is about 4,000 feet, making an 
interval of 1,700 feet between the Washita red materials and the red 
materials of the lower part of the Comanche section. 

The Ohio Oil Company’s Smith No. 25, in Sec. 12, T. 21 N., R 15 
W., entered the lower red shales at a depth of 3,990 feet, and went out of 
them at 4,896 feet, showing a thickness of 906 feet of red materials. 

In the Humble Oil and Refining Company’s Bliss and Weatherbee 
No. 1, Sec. 14, T. 19, R. 11 W., Bellevue field, the red, non-marine series 
of the lower Comanche is 2,515 feet in thickness. This may represent the 
full thickness of the lower red materials, as the bit penetrated marine 
limestone below the red series. 

The bed of anhydrite in the upper part of the Glen Rose formation 
ranges from 400 to 500 feet in thickness. Glen Rose fossils which have 
been found above the anhydrite clearly establish the age of the anhydrite 
as Glen Rose. 

In the Palmer Corporation’s Davis No. 1, Cotton Valley field, Glen 
Rose fossils were found 718 feet above the top of the anhydrite. 

In the Gulf Refining Company’s Muslow No. 1, Sec. 35, T. 21 N., R. 
15 W., Pine Island field, the top of the anhydrite was encountered at a 
depth of about 2,475 feet. The Glen Rose was passed through at a depth 
of 4,250 feet. With 718 feet of Glen Rose above the anhydrite in Cotton 
Valley and 1,775 feet below the top of the anhydrite in the Gulf’s Muslow 
well, 2,493 feet of Glen Rose has been penetrated in northern Louisiana. 

In the Ohio Oil Company’s Smith No. 25, previously mentioned, the 
bottom of the hole was still in Lower Cretaceous, although 3,785 feet of 
formations of that age had been penetrated. This perhaps represents the 
maximum thickness of Lower Cretaceous sediments penetrated in 
northern Louisiana. 

STRUCTURAL CONDITIONS 

The Pine Island field is a very small dome part way down the north- 
east flank of the Sabine uplift. 

It is not possible to map the surface structure of the Pine Island field 
proper. The surface sands and clays of Wilcox and Claiborne ages are 


PINE ISLAND DEEP SANDS, LOUISIANA 173 


highly cross-bedded, making it impossible to distinguish between true 
dips and cross-bedding. Figure 1 is a structural contour map of the 
Nacatoch sand below sea-level. This map shows Pine Island CHRaTEN AR: 
15 W.) as a part of the general uplift affecting all of Caddo. 
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T'1c. 1.—Structure contour map of the top of the Nacatoch sand, in feet below sea- 
level, by J. Y. Snyder and A. IF. Crider. Width of area mapped, 163 miles. 


The highest part of the Nacatoch sand is in the area along Stumpy 
Bayou and the eastern end of Ferry Lake, where it is less than 600 feet 
below sea-level. From this general Nacatoch “high” radiate two promi- 
nent anticlinal noses. The northern is the Pine Island or Gilliam anticline, 
and the southern is here given the name of “‘Cavett” anticline. More or 
less paralleling these two anticlines is the Hosston anticline north and 
west of Pine Island, and separated from it by a deep syncline, 200 feet or 
more below the crests of the two structures. 
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The Nacatoch rises somewhat higher on the Hosston anticline than 
it does on the Pine Island anticline. Both the Hosston and the Pine 
Island structures show closure of so feet or more on the Nacatoch. 

The Cavett anticline shows a slight closure on the Nacatoch if mapped 
by contours with an interval of less than 50 feet. 

It is of interest to note that the Nacatoch sand is barren of oil and 
gas in the area of the Caddo and Pine Island fields. On the highest part 
of the Hosston field it produced gas, and down the north slope it was 
productive of oil. At the same structural horizon on the east and south 
sides, neither oil nor gas was present. 

On the Cavett anticline oil and gas were produced from the Nacatoch 
sand. 

A structure contour map with s50-foot intervals on the Nacatoch fails 
to reveal any evidence of faulting in the Pine Island field. There is evi- 
dence of fracturing in the Glen Rose limestones, through which oil and 
gas have migrated; but there still is lacking the proof that this fracturing 
is associated with pronounced faulting. 

Figure 2 shows structural conditions on top of the first red shale, which 
is approximately the same as a contour map of the ““Woodbine”’ producing 
horizon. It covers the same area as that on the Nacatoch sand. A com- 
parison of the Nacatoch and the red-shale maps shows a marked change 
in the general deformation. In the red-shale map, Pine Island and Cavett 
anticlines have merged into one, about too feet lower than the Ferry 
Lake “‘high.”’ Hosston, which was higher on the Nacatoch than Pine 
Island, is lower on the red shales. The Ferry Lake “high” has shifted 4 
or 5 miles toward the west and is separated from the Jeems Bayou “high” 
on the northwest by a high saddle, and the Jeems Bayou “‘high”’ is sepa- 
rated from the Hosston “high” by a low saddle. The big production of the 
“Woodbine” sand followed closely the “highs” as shown on this map. 

The influence of pre-Upper Cretaceous folding is shown on the map 
in hatch. The hatched area includes Pine Island field and the greater part 
of the Cavett anticline. The Washita red shales were probably deposited 
across what is now the Pine Island dome. It was later uplifted above the 
surrounding country by crustal movements similar to the forces that have 
produced salt domes, where only small areas are involved in the move- 
ment. This sharply folded area was subjected to more severe erosion than 
the surrounding area, and the Washita red shales were removed from the - 
top of the dome. No evidence of salt has yet been discovered in Pine 
Island or in Bellevue, another dome where a very limited area is involved 
in the folding. 
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Figure 3 shows the structural conditions on top of the Dillon sand, the 
zone of large odlites. 

Intensive drilling of Pine Island field has developed two separate 
domes, one in the E.3, Sec. 14, and the other in the NW. zyeca 23, and 
ine Shey, pecats 20.25 N. Rois W, 
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T'rc. 2.—Structure contour map of the top of the first red shale, in feet below sea- 
level. Width of area mapped, 163 miles. 


Figure 4 shows the Glen Rose uphft with Washita-Fredericksburg 
sediments, which fail to cover completely the Glen Rose uplift, with an 
unconformity between the Upper Cretaceous and the Lower Cretaceous. 

The two “highs” are separated by a deep syncline which extends from 
the northwest. The contrast between the type of folding as shown in 
Figure 3 and the Nacatoch and red-shale contour maps, Figure 1, is very 
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striking and indicates a different origin of forces for the two types of fold- 
ing. The force necessary to produce the results shown in Figure 3 must 
have been an upward vertical movement of great intensity at one focal 
point. This could have resulted from a deeply-buried intruded laccolith. 
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Fic. 3.—Only a few of the deep wells whose logs were used in contouring the 
Dillon sand are shown on this map. 


The stresses which developed the sharply folded structure, as shown 
on the Dillon sand, were quite different from those which formed the 
Nacatoch and the red-shale folds. The latter are gentle and affect an 
area of 2,500 square miles or more, including practically all of the northern 
part of the Sabine uplift. 

The “Woodbine’’-Nacatoch folds resulted from lateral stresses, the 
force probably originating from both sides, causing the formations to 
buckle up in the center. This was the culmination of the tectonic move- 
ments which rounded out and completed the Sabine uplift. 
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The force which developed the 
Dillon sand structure was at least 
more intense than that forming the 
Nacatoch and “Woodbine”’ struc- 
tures, and the major part of the 
Dillon folding occurred before the 
deposition of the Upper Cretaceous 
sediments. 

During the interval between the 
intense folding of the Comanche 
sediments and the later, more gentle 
warping of the “Woodbine” and the 
Nacatoch formations, there was a 
long time interval when the present 
Pine Island field was high land sub- 
jected to erosion and was almost 
peneplaned, removing the Washita- 
Fredericksburg sediments from the 
crest of the dome. Later the entire 
area was submerged, and the Upper 
Cretaceous sediments completely 
covered the eroded edges of the 
Comanche rocks. 

Later, during the post-Co- 
manche uplift, which involved all 
of the formations up to and includ- 
ing the Claiborne, the Glen Rose 
fold of the Pine Island area was in- 
tensified and brought to its present 
state of structural development. 
No major tectonic movements of 
any consequence have affected the 
formations of the Pine Island area 
since the close of Claiborne time. 

There is a dip on Comanche 
beds of more than 1,300 feet from 
the crest of the Pine Island field 
to The Texas Company’s B-1, in 
Ferry Lake, or approximately 136 
feet to the mile. It is of interest to 
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note the fact that the red-shale “high” coincides with the Dillon sand 
“high,” except that the former is more extensive than the latter. 

Figure 4 shows a cross section from north to south across the highest 
part of Pine Island. 

OIL AND GAS RESERVOIRS 

There. are four distinct types of Comanche sediments in the Pine 
Island field in which oil and gas have accumulated. These are anhydrite, 
highly creviced marine limestones, odlitic limestones, and non-marine 
quartz sand. 

ANHYDRITE OIL HORIZON 

The first producing horizon in the Comanche sediments has recently 
been found in the lower half of the anhydrite bed at a depth of about 
2,700 feet. Showings of oil and gas from this horizon have been reported 
from several deep tests on the highest parts of the Pine Island structure; 
but the first producing well to be completed in the anhydrite was the 
Dixie Company’s Dillon No. 91, which was completed as a go-barrel oil 
well. Up to the present time this is the only commercial well completed 
in this horizon. 

TWENTY-NINE-HUNDRED-FOOT OIL HORIZON 


” 


So many of the newly discovered pay “‘sands”’ were first discovered 
on the Dillon lease that it is not possible to give each a separate farm 
name. 

The 2,900-foot pay “‘sand” occurs just below the base of the anhydrite 
bed. It is a fractured odlitic limestone of very small Miliolidae (Foramini- 
fera) with exterior coating. A few small producers were completed in this 
“sand” by the Dixie Oil Company in the early development of the Pine 
Island field, but the production rapidly declined and the wells were soon 
abandoned. None of these wells is producing at present. 

It is of interest to note that the deep gas and oil of Cotton Valley 
come from approximately the same stratigraphic horizon as the 2,g00- 
foot “pay” in Pine Island. 


“DILLON”’ GAS HORIZON 

In 1922 the Dixie Oil Company, in deepening Dillon No. 43 from the 
“Woodbine” sand, encountered a large volume of gas at a depth of 3,623 
feet. This was the first producing gas well from the lower Glen Rose 
formation. The volume of the gas was estimated at 45,000,000 cubic 
feet a day, with a pressure greater than 1,550 pounds. 

The name “Dillon” gas horizon is here proposed for the geologic name 
of this producing horizon. It is easily recognized by its composition of 
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large spherical odlites loosely cemented by calcium carbonate. Its posi- 
tion in the geologic column ranges from 1,100 to 1,200 feet below the top 
of the anhydrite. It is the first definite marker below the base of the anhy- 
drite. 

The gas from the Dillon gas horizon is rich in gasoline. The amount of 
gasoline varies from 300 to 4oo gallons per million cubic feet of gas. 


“DIXIE” OIL HORIZON 


It is somewhat unusual at present to name a producing horizon for 
an individual or a company, but to the Dixie Oil Company is largely due 
the credit of developing the deep oil and gas horizons of the Pine Island 
field, and the name ‘‘Dixie”’ oil horizon is here proposed for the oil-produc- 
ing horizon which occurs approximately go feet below the Dillon gas 
horizon. It is generally a very compact limestone composed of elongate 
fragments of fossils with thin black exterior coating, highly fractured and 
creviced, in the crevices of which the oil, accompanied by gas and water, 
has accumulated. The first oil well completed in the Dixie horizon also 
was located on the Dillon lease. Its geologic position is approximately 
go feet below the Dillon gas horizon and 193 feet above the “Herndon” 
oil sand, which is described hereafter. 

The rich gasoline found in the Dixie’s Dillon No. 43 at a depth of 
3,623 feet gave encouragement for still deeper drilling, and when Dillon 
No. 53 was deepened from the ‘‘Woodbine” sand, the heavy gas en- 
countered in Dillon No. 43 was cased off, and about go feet below the 
gas horizon the well came in, producing 400 barrels of oil, 25,000,000 
cubic feet of gas, and 3,000 barrels of salt water a day. 

The highly-creviced nature of the limestone in which the Dixie oil 
has accumulated may be known by the movement of liquids between wells 
and the effect the completion of one well may have on other wells in the 
field. 

In the drilling of Dixie Oil Company’s Dillon No. 53, the first well to 
produce from the Dixie horizon, a large amount of iron oxide was used to 
hold down the heavy gas pressure from the Dillon gas horizon until 
casing was set through the gas horizon. - 

When the Dixie’s Noel A-1, which is located 1,000 feet or more east 
of Dillon No. 53, was completed as a 25-barrel oil well, with 3,000,000 
cubic feet of gas and 3,000 barrels of salt water, the iron oxide which was 
placed in Dillon No. 53 began to appear and colored the water very 
materially. Samples of the water were taken and analyzed to make sure 
the coloring matter was iron oxide. As no other iron oxide had been used 
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in the field, its source could be definitely traced to Dillon No. 53. The 
iron oxide continued to come with the oil and water from Noel A-1 for 
about three months. As it decreased in amount, the oil content increased, 
until the well was making 250 barrels of oil a day when the Fortuna’s 
Dillon No. 17, located 1,000 feet south, came in as a 1,200-barrel oil 
producer.. On the completion of the Fortuna well, production in Noel A-1 
suddenly dropped to 25 barrels a day and has gradually declined since. 


aL 
Months 


Fic. 5.—Production curves, Pine Island field. Dixie Oil Company’s Dillon 53 
and Dixon Oil Company’s Dillon 209. 


Other wells in the heart of the field have been affected to a lesser extent 
by wells near by. 

A production-decline curve of the Dixie’s Dillon No. 53 is shown as 
Well No. 1 in Figure 5. It is a curve of a flowing well which had an initial 
daily production of about 400 barrels of oil and 3,000 barrels of salt water. 
The oil has gradually declined, while the amount of water has remained 
constant. 

The relation between structure and production is not clearly estab- 
lished. Very little water has accompanied the gas in the Dillon gas horizon 
on the crest of the structure. The Dixie’s Dillon No..43, the first producing 
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gas well in the deep sand, produced gas for five years, with practically 
no water. 

Oil wells producing from the Dixie creviced limestone horizon higher 
on the structure than the Dixie’s Dillon No. 43 have invariably contained 
a large amount of salt water. The most prolific oil production has come 
from the highest points structurally. 


“HERNDON” OIL SAND 


The oldest producing horizon, stratigraphically, in the Pine Island 
field comes from a fine-grained quartz sand, within, but near the top of, 
the red non-marine sediments at depths ranging from 3,900 to 4,000 feet, 
depending on the elevation of the surface and the position on the struc- 
ture. 

The Texas Company’s Herndon No. A-6 was the first large producing 
well completed in this sand, and the name “Herndon” oil sand is proposed 
for this producing horizon. This well was located in Sec. 13, T. 21 N., R. 
15 W., about 30 feet down from the crest of the structure, and was com- 
pleted as a 500-barrel well. 

The Herndon oil sand is a reddish sharp quartz sand which occurs 280 
feet or more below the Dillon odlitic gas horizon. In some wells, to feet 
or more of non-calcareous red shales overlie the oil sand; and in other 
wells, the interval between the red shales and the Herndon oil sand is 
much greater. In some wells completed to date there are three or four 
saturated oil sands in the first 50 feet below the top of the red shales. It 
is possible that still larger wells may be completed in this sand series, 
where the sand is more porous. 


PRODUCTION 


Production figures of the deep sands have not been separated from 
those of the other horizons, so that it is not possible to determine the 
amount of oil that has been produced from the deep sands of the Pine 
Island field. 

The erratic nature of the pay horizons, the expense of drilling the 
wells, and the limited producing area have made the field as a whole of 
doubtful economic value. Individual wells of different companies operat- 
ing in the field have shown results on the right side of the ledger, but these 
good wells have had to “carry”? many poor wells which will never pay out; 
and this burden, in addition to the dry holes that have been drilled in the 
producing area and around the edges of the field, has made the field as a 
whole unprofitable. 
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Production curves on two individual wells are given in Figure 5. 
These are from two different horizons. No. 1 is from the Dixie Oil Com- 
pany’s Dillon No. 53. The production is from the Dixie limestone horizon 
at a depth of 3,757 feet. The well flowed from November, 1926, to June 
16, 1927. It was pumped only four months after it stopped flowing, 
when the economic limit of production was so small that it was abandoned 
on November 1, 1927. 

Well No. 2 of Figure 5 was the Dixie’s Dillon No. 29. The productio 
from this well came from 2,887 feet, the horizon just below the anhydrite. 
This was also a limestone horizon, and the production from this ‘‘pay’” 


was not profitable. 
FUTURE OF THE FIELD 


The producing area of the Pine Island field has been fully outlined 
by dry holes, and the sands thoroughly tested. The present producing 
area is limited to less than 500 acres. 

The possibilities of increasing the production in the producing sands 
developed to date are not encouraging. The future of the field, therefore, 
lies in the possibilities of the discovery of some deeper pay zone. 

The lowest “pay” thus far developed is approximately 4,000 feet deep. 
Below this lie 2,000 feet of red non-marine shales and sands, which are 
barren of oil and gas. Below the non-marine red sediments are more 
marine formations, which, under favorable structural conditions, may be 
productive of oil and gas. A deep test near the top of the structure is now 
being drilled by the Dixie Oil Company, which will test the sands im- 
mediately below the non-marine red formations. Should this prove to be 
a producing well from the lower marine formations, it will give encourage- 
ment for additional tests. A dry hole at this depth will doubtless tend to 
discourage deeper drilling. 


* Since this paper was written the Dixie Oil Company, Incorporated, has thrown 
new light on the deeper formations in the Pine Island field in the drilling of Dillon No. 
92. In this well Comanche strata were encountered at a depth of 2,260 feet. From 
2,260 to 3,895 feet were marine limestones, shales, and sands. From 3,895 feet non- 
marine red shales and sands continued to a depth of 5,925 feet. At that depth, marine 
shales and limestones continued to the total depth of the hole, 6,351 feet. The well 
penetrated 4,091 feet of Comanche. Red non-marine shales and sands from 3,895 feet to 
5,925 feet were barren of fossils. The exact age of the marine shales and limestones be- 
low 5,925 feet has not been determined, but it is definitely Comanche. A string of 43- 
inch casing was set at 6,104 feet and when the well was tested it showed 192,000 cubic 
feet of gas and a showing of high-gravity oil—A. F. C. 
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ABSTRACT 


Caddo is the oldest oil field in Louisiana and was discovered. and almost wholly 
developed before geology became an essential part of the oil business. The writer 
believes that, although the so-called ‘‘Woodbine” sand, the main oil-bearing horizon, 
may be in part the equivalent of the Woodbine formation of Texas, it also includes 
several sands both above and below a pronounced unconformity between Upper and 
Lower Cretaceous rocks and is in part Tokio and in part Washita in age. 


INTRODUCTION 


The Caddo oil and gas field in the northwestern corner of Louisiana 
was discovered in 1904, sixty-three years after the discovery of oil at 
Nacogdoches, Texas, ten years after the discovery at Corsicana, and three 
years after the Lucas gusher at Spindletop. The discovery well was 
drilled because of gas seepages, in pools of water and in Caddo Lake, of 
sufficient size to furnish a domestic supply. Harris? and Matson‘ have 
described the field, and the present paper is designed merely to portray 
the present conception of the structural geology of the field and not to 
discuss the development of many years ago or drilling in recent years 
which followed the discovery of the Pine Island field described by Crider 
(p. 168). | 

Caddo is the oldest field in Louisiana. New wells, most of which 
have been drilled for production deeper than the famous ‘Woodbine”’ 
sand, have shown that the structure is not merely a broad dome with 
many subsidiary folds and a complete and conformable stratigraphic 
succession of rocks from the Lower Cretaceous to the Claiborne group of | 
the Eocene. Both the surface and underground geology are complicated 
by several unconformities, the most important of which is between the 
Upper and the Lower Cretaceous. 


1 Manuscript received by the editor, November 15, 1928. 
2 Gulf Refining Company of Louisiana. 
3G. D. Harris, “Oil and Gas in Louisiana,” U.S. Geol. Survey Bull. 429 (1910). 
4G. C. Matson, “The Caddo Oil and Gas Field, Louisiana and Texas,” U. S. Geol. 
Survey Bull. 619 (1916). 
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The topography of the Caddo area shows slight relief, elevations rang- 
ing from 175 feet to 250 feet above sea-level. The surface is rolling, and 
the streams (locally termed “‘bayous”) are meandering. Caddo (Ferry) 
Lake is at present artificially dammed at the eastern end but was, accord- 
ing to Harris and Veatch, originally formed by the damming of the 
waters by a raft. The lake is very shallow and approximately 300 wells 
have been drilled in it. A large part of the surface bordering the lake and 
the bayous is swampy. 

The productive area of the Caddo field, including the Hosston and 
Pine Island areas, covers approximately 125 square miles. . 

The writer wishes to acknowledge his indebtedness to the members 
of the Gulf Refining Company’s geological department in the Shreveport 
-office, and to W. C. Spooner, and Sidney Powers for their very helpful 
suggestions and criticisms in preparing this paper. 


STRUCTURE 


Harris recognized that the Caddo field is located near the north end 
of a very large, low domal area called the Sabine uplift, the axis of which 
is northwest-southeast. This feature is shown in the areal geology and in 
the underground correlations of formations. Somewhat similar uplifts 
have been recognized by means of areal geology in Florida and in 
Georgia.” 

Drilling has revealed that in the Cretaceous rocks the Sabine uplift 
is but a part of a large structural feature embracing the oil fields of south- 
ern Arkansas and northern Louisiana, with the Monroe uplift on the 
east corresponding with and paralleling the Sabine uplift on the west. 
The stratigraphy of this buried structure is complicated further by the 
overlap of the Upper Cretaceous and Eocene upon the Lower Cretaceous.4 

The uplift is further disturbed by numerous minor faults aligned 
either northwest-southwest or northeast-southwest. In the Caddo field 


*G. D. Harris and A. C. Veatch, ‘Preliminary Report on the Geology of Lou- 
isiana,” Louisiana Geol. Survey Rept. for 1899, Part 5 (1900). 

*L. W. Stephenson, Geological Map of the Coastal Plain, exhibited before the 
American Association of Petroleum Geologists at the Dallas meeting, March, 1926, also 
at Fort Worth, 1929.—Enprror. 

3, W. C. Spooner, manuscript map for “‘A Report on the Oil Possibilities of Southern 
Arkansas,” in preparation for the Arkansas Geological Survey. 

4L. W. Stephenson, “Major Marine Transgressions and Regressions and Struc- 


tural Features of the Gulf Coastal Plain,” Amer. Jour Sci. (5), Vol. 16 (1928), pp. 281- 
98. 
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these faults have an important bearing on the amount of production, 
both in the Upper Cretaceous and Comanche horizons. The axis of the 
Sabine uplift is northwest-southeast, and minor folding in both Upper 
and. Lower Cretaceous is at right angles to its axis. The older formations 
are more sharply folded than the Upper Cretaceous, with a relief of as 
much as 2,000 feet on the crest of the uplift. The younger formations 
show only a fraction of that amount, with 200 feet as a maximum. 

The average east and west dip from the crest of the main uplift is 
slightly less than 1° on the Upper Cretaceous and about 13° on the Lower 


Cretaceous. 
STRATIGRAPHY 


In Table I the stratigraphy of the Caddo area is given as known in 
1916 and in 1926." 
GEOLOGIC HISTORY 


It is now known that the Lower Cretaceous sea invaded southern 
Arkansas, covering all of Louisiana as well, and that the shore line lay 
near the western edge of Mississippi as represented by Stephenson. Sedi- 
mentary deposits of this age increased in thickness rapidly toward the 
southwest, and no evidence of the existence of the Sabine uplift prior to 
Lower Cretaceous time is indicated in the lithology or structure of these 
rocks. The presence of a 450-foot anhydrite zone in the Glen Rose makes 
possible the hypothesis that the salt in the interior salt domes comes 
from salt beds of that age, although salt has never been found in any 
wells penetrating the anhydrite, even in those drilled a long distance 
from any salt domes. Although this hypothesis is intriguing in many 
respects, the opinion is still held by many that the salt of northern 
Louisiana and eastern Texas has its origin in much older rocks than have 
yet been penetrated by the drill in these areas. 

A discussion of the lithology and conformity of the divisions of Lower 
Cretaceous are not within the bounds of this paper. At present there is 
no direct evidence that the Sabine uplift was a positive element of Llanoris 
which furnished the material for the Ouachita geosyncline during the 
Carboniferous period as postulated by several geologists.’ Nepheline 


«Several changes in nomenclature were made by C. H. Dane et al., “Oil-bearing 
Formations of Southwestern Arkansas,” U.S. Geol. Survey Press Notice 8823 (1926). 


? Sidney Powers, “The Sabine Uplift,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 4 
(1920), pp. 117-36; H. D. Miser, “Llanoria,” Amer. Jour. Sci. (5), Vol. 2 (1921), 
pp. 61-89; A. W. McCoy, “‘A Short Sketch of the Paleogeography and Historical Geol- 
ogy of the Mid-Continent Oil District and Its Importance to Petroleum Geology,” 
Bulletin Amer. Assoc. Petrol. Geol., Vol. 5 (1921), pp. 541-84. 
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Fic. 2.—Structure map of northwestern Louisiana, contoured on first red shale encountered, whether 
“Woodbine” red in unconformity between Upper and Lower Cretaceous or red shale in Washita (Lower 
Cretaceous). Oil fields hatched. 


TABLE 


it 


GENERALIZED SECTION OF FORMATIONS IN THE CADDO FIELD 


1916* 1926f 
SYSTEM SERIES ‘ Formation Member 
Formation (Thickness in Feet) (Thickness in Feet) 
Quarter- Recent 
MEIN Pleistocene 
Claiborne group Claiborne group } Minden sandy 
(St. Maurice) (St. Maurice) t marl 
Sparta sand 
: de Cane River glau- 
Tertiary Eocene conitic marl 
Wilcox Wilcox 300+ 
Midway Includes part of 
Matson’s Arka- 
Unconformity Midway shale delphia 
600-700 
Unconformity 
Arkadelphia clay 
Arkadelphia clay 
80-100 
iINGeatochicand Lower part in- 
pees Nacatoch sand cludes upper 
200-300 marl member of 
Matson’s Marl- 
brook 
Marlbrook marl Saratoga chalk 
Gulf “Chalk rock” un- 
ie MM oavibvockraadl differentiated in 
ee eee Caddo field 
475-500 
Annona chalk Annona chalk 
Ozan 200-22 Ozan shales 
Cretaceous Brownstown marl 5 Buckrange sand 
“Blossom” 
Eagle Ford clay || Brownstown marl 
(including Blos- : Undifferentiated 
som sand mem-|| Tokio shale and 450 
ber at top{]) sand 
Woodbine sand } “Woodbine” sand (age questionable) 
Unconformity 
Washita group Washita group Undifferentiated 
Fredericksburg Fredericksburg 1,600 + 
group group ‘ 
Comanche Trinity group Trinity group Glen Rose, 1,650 
Middle red, 2,000 
Lower marine, 
WIS ae 
Basement sands ? 


of the 


by D 


* G. C. Matson, op. cit. 


ane. 


} C. H. Dane et al., op. cit. 


} The Yegua, or upper Claiborne group, not represented in this area, and only the Cane River member 
St. Maurice represented on the flanks of the Sabine uplift. 


{| The “Blossom sand” is now regarded as basal Ozan and is termed the “Buckrange sand lentil” 


CADDO FIELD, CADDO PARISH, LOUISIANA 189 


syenite and peridotite have been penetrated in wells in Grant, Cleveland, 
Ashley, and Chicot counties in southeastern Arkansas at depths ranging 
from 3,100 to 3,350 feet. The upper surface of these rocks, as shown in 
cores, is weathered, but the time of their intrusion is unknown. 

After Lower Cretaceous time northern Louisiana and southern Ar- 
kansas were uplifted, and the major structural feature previously referred 
to was formed with its subsidiary Sabine and Monroe uplifts. The uplift 
was followed by a period of erosion during which the region was reduced 
to a plain of low relief. The Upper Cretaceous sediments were deposited 
in a sea that transgressed progressively, overlapping the older beds from 
west to east. 

The Upper Cretaceous sea covered all of Louisiana with the possible 
exception of a restricted area in the northeastern corner of the state 
where Eocene rocks now rest on Lower Cretaceous rocks. 

Upper Cretaceous strata are lithologically similar to those in Texas, 
but there is an upward lithologic transgression eastward, as pointed out 
by Hill many years ago, so that the “‘chalk” in Texas is far older than 
that in Alabama. . 

At the close of Cretaceous time there was another uplift, but of minor 
importance because the Midway formation has been recognized on all of 
the anticlinal folds. After Midway time there was a more pronounced 
uplift of the Sabine area and a clear definition of this feature because 
successively younger units of the Wilcox formation overlap the Midway. 
Also, the Wilcox thickens in all directions away from this uplift. 

Again, at the close of Wilcox time there was upwarping, accompanied 
this time by extensive erosion, as indicated by outliers of rocks of Clai- 
borne age which are found resting on the uplift unconformably on the 
Wilcox strata. 

Subsequent movements consisted principally of rhythmic downwarp- 
ing of the Gulf Coastal plain, as proved by rapid thickening of the forma- 
tions gulfward and by successive fracture zones tangential to the Tertiary 
shore line, rotated and slightly uptilted on the gulfward side.’ These 
accentuated the structural relief of the Sabine uplift. 


LOCAL STRATIGRAPHY AND STRUCTURE 
The Caddo field is divided into several smaller districts in local no- 
menclature, but from a structural point of view only three districts, or 


1 Some of them are shown by F. H. Lahee, “Oil and Gas Fields of the Mexia and 
Tehuacana Fault Zones, Texas,” Structure of Typical American Oil Fields, Vol. I, 


p. 300. 
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fields, are recognized; these are Caddo (restricted), Pine Island, and 
Hosston. 

Caddo, in the restricted sense, is composed of numerous small pools 
varying in size from less than 40 acres to 2 or 3 sections. Although it has 
been twenty-four years since Caddo produced its first oil, and although 
the greatest amount of development was completed many years ago, it 
has been only a short time since a new pool was discovered every few 
months. The last small boom occasioned by the opening of a new pool 
was in the early part of 1927.7 

A structure map based on the top of the Nacatoch ‘Gas rock,” such 
as that published by Matson,” shows no relation between local structure 
in this formation and the accumulation of oil in the ‘“Woodbine.”’ When 
a contour interval of less than 50 feet is used, local minor irregularities are 
such that the value of the map is destroyed, although the picture is 
strongly suggestive of a non-conformity between the Nacatoch and the 
overlying Arkadelphia. The presence of the manganese mineral, wad, at 
the contact between these two formations in several wells in the Caddo 
field further substantiates the idea of a short period of non-deposition, 
with a low, boggy island rising above the surface of the early Arkadelphia 
sea. It is not believed that such a non-conformity, if one exists, is present 
throughout a larger area than the Caddo field, if it indeed covers all of 
this field. 

Production in the Caddo field proper is obtained from four, and prob- 
ably six, different formations in the Upper Cretaceous and in the Washita 
group of the Comanche. 

TABLE II 
Ort AND GAS FORMATIONS, CADDO FIELD 
Upper Cretaceous 
IN aca tochie Gas iO cka yer i ences gas, and oil in 


Hosston area 
Saratoga, Marlbrook, and Annona 


Chalke rocks? x quct an) tee: See eee oil 
Ozanis San Gerocky Nee teva a Macon ete Pathe little oil 
“Woodbine” (probably three horizons 

in Upper Cretaceous and Comanche) . .. main oil horizon 


The Nacatoch ‘“‘Gas rock” has not been producing gas during the last 
five years, although every new well drilled in the area reports a small 
amount. In the Caddo field no oil has been found in this formation; but a 

‘ Another boom occurred in 1929.—Ep1ror. 

2 Op. cit. 
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small amount of heavy oil, varying from 19° to 19.5° Bé. gravity, is 
produced from the Nacatoch in Pine Island, and the main production 
in the Hosston district is from that formation. The ‘‘Gas rock” is a hard, 
well-cemented sand and in some places is almost hard sandy limestone. 

The “Chalk rock” produces oil, varying from 30° to 36° Bé. gravity, 
from a fractured zone in the chalk which is ordinarily about 100 feet below 
the top of the formation. Production in the “Chalk rock” is confined to 
a narrow strip, about 4 mile in width, following a northeast-southwest 
fault. The fault, which has a maximum throw of 80 feet, extends from 
Sec. 9, T. 20 N., R. 16 W., in a northeasterly direction to Pine Island and 
is seemingly lost in a maze of minor fracturing in Sec. 22, T. 21 N., R. 
16 W., on the edge of the Pine Island structure. “Chalk rock” production 
in Pine Island has been prolific. Initial production of these wells has been 
as high as 1,800 barrels per day. 

The Buckrange sand, of the Ozan formation, produces oil varying 
from 23° to 24° Bé. gravity, but the production is small and restricted to 
a small area on Jeems Bayou, which drains into Caddo (Ferry) Lake 
from the north and is located in the southwestern part of T. 21 N., R. 16 
W., and the northwestern part of T. 20 N., R. 16 W. The oil has been 
found only in the extreme top of the sand, and salt water is encountered 
2 or 3 feet below the top. No oil has been produced from the Ozan at any 
other place in the field. Initial productions are as much as 75 barrels. 

Production in the Nacatoch is governed by small local faults and 
folds; in the Annona, by fracturing along a fault line; and in the Ozan, by 
a small local fold. In the so-called “‘Woodbine,” however, production 
seems to be governed almost entirely by the amount of sand present. The 
“sand” is in reality several sands belonging in the Tokio, questionable 
Woodbine, and the Washita. One sand, or more, may be present. Initial 
production ranged from small wells of 15 or 20 barrels to those producing 
9,000 barrels. Not a few flowing wells producing as much as 8,000 barrels 
of oil and several million feet of gas per day were offsets of dry holes. The 
field is dotted with these pools, some of which are separated by only a few 
hundred feet, others by intervals of half a mile. 

The age of the “Woodbine” sand of Caddo has long been a subject of 
discussion, and it is to be regretted that an exhaustive petrographic study 
of well samples of this material has not been made. Stephenson! has 
correlated the Woodbine of Arkansas with the Woodbine of Texas on the 


«L. W. Stephenson, ‘‘Notes on the Stratigraphy of the Upper Cretaceous Forma- 
tions of Texas and Arkansas,” Bulletin Amer. Assoc. Petrol. Geol., Vol. t1, No. r (Janu- 


ary, 1927), pp. I-17. 
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basis of lithology and stratigraphic position; and this writer, together 
with Dane," has described the Arkansas section in great detail. However, 
there is nothing in the so-called ““‘Woodbine” of Caddo which can be defi- 
nitely correlated with the Woodbine of Arkansas. No two wells encounter 
exactly the same stratigraphic section in the producing horizon, and there 
are no fossils in part of the sand beds by which their age can be definitely 
determined. The material immediately above the first sand is black, 
micaceous, sandy shale which is definitely Tokio in age. The ‘‘sand”’ 
itself may be fine-textured, micaceous, well-cemented, quartz sand; 
medium coarse-textured quartz sand; or arenaceous tuff of mottled red, 
pink, purple, and white colors. In some localities these sands are overlain 
by brown, tufaceous shale, and in others the brown shale is underneath. 
In some places production is secured below a red shale bed. As most of 
the wells in the Caddo district were drilled before the practice of coring 
into the producing horizon became general, it has not been the writer’s 
privilege to examine a great many cores from the so-called ““Woodbine”’ 
sand. The following conclusions, however, have been drawn concerning 
the age of the producing sands and are here presented for consideration. 

1. The varicolored arenaceous tuff commonly present immediately 
below shales of unquestionable Tokio age, and from which production is 
obtained in many places, is Tokio in age. It represents the base of the 
Tokio formation laid down upon a non-conformable surface, in most 
places probably laterite; and production is secured from the tuff where it 
was deposited in shallow basins in the surface of the previous land mass. 

2. Part of the brown shales, red shales, and associated sands were 
laterite on the surface of.the Comanche land mass and are not continuous, 
and production is dependent on their present lenticular character. The 
Trinity, which immediately underlies the Upper Cretaceous in Pine 
Island, and the Washita, immediately below the Upper Cretaceous in the 
remainder of the area, both furnish illustrations of production secured 
from porous, leached limestones originally exposed on the surface of the 
Comanche land area. Whether this leaching occurred prior or subse- 
quent to the deposition of the Upper Cretaceous is not known. 

3. Part of the brown and red shales, below which production is ob- 
tained, are Washita in age; and oil from the interbedded sands has been 
trapped through the sealing of the uptilted and beveled edges of the sands 
by impervious beds above. This has been proved in a few places and is 
undoubtedly the condition in other places. 

In the amount of “Woodbine” production the thickness and porosity 


1C. H. Dane, op. cit. 
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of the different sands have been a controlling factor. In some places, 
however, it is known that faulting has had much influence. In the western 
part of T. 20 N., R. 16 W. is a small fault with a northwest-southeast 
strike and a maximum throw of 35 feet. Several large gas wells were com- 
pleted on the east, or upthrown, side of the fault; and the production in 
the vicinity on both sides of the fault was much greater than that farther 
from it, amount and porosity of sand being equal. 

Minor faulting exists, and the writer believes that the irregularity of 
contouring on top of any of the producing horizons may be partly 
attributed to this factor. 

The gravity of the so-called “Woodbine” oil varies from 40° to 43° Bé. 
for the Caddo field proper; but in the Pine Island area the gravity is 
lower, varying from 26° to 28° Bé. 

The Pine Island field is described elsewhere in this volume by A. F. 
Crider, in the article “Pine Island Deep Sands, Caddo Parish, Louisiana.”’ 
The top of the lower marine series was encountered at 5,925 feet, beneath 
approximately 2,000 feet of the red shale and sand series below the 1,600 
feet of upper Trinity limes and shales. The same lower Trinity marine 
beds were found in the deep test drilled in 1927 and early 1928 on the 
Bellevue structure by the Humble Oil and Refining Company ef al. 

The Hosston area north of Caddo proper is an elongate anticline, the 
axis of which extends northeast and southwest, and the southwestern end 
of which joins the Caddo producing area. Production is obtained from 
the Nacatoch in the form of heavy oil of 20.5° Bé. gravity, with gas on the 
crest of the fold. A syncline, separating the Hosston area from Caddo on 
the southeast, has approximately 200 feet closure on the Nacatoch. From 
the bottom of the syncline the formations rise southward to the Pine 
Island district, where the Nacatoch is encountered at approximately the 
same depth as at Hosston. The largest wells had initial production as 
large as soo barrels per day, 


PRODUCTION STATISTICS 


The figures in Table III on production statistics (1909-1927) were 
secured from the Louisiana State Department of Conservation and the 
U.S. Bureau of Mines. Production figures prior to rg09 have been added. 

Altogether 114,548,365 barrels of oil have been produced from the 
Caddo area up to the year 1928, with only a very small percentage of the 
total coming from sands other than the “Woodbine” horizon. In com- 
pletely developed areas, the average recovery per acre is approximately 
5,000 barrels, although the per-acre recovery from some leases, not typical 
of the whole, has been as large as 30,000 barrels, 


CADDO FIELD, CADDO PARISH, LOUISIANA 195 


SUMMARY 


The Caddo field is a large, low anticline on the northern end of the 
Sabine uplift. The structure is modified by local folds, most of which 
have axes at right angles to the axis of the main uplift. Many faults in- 
fluence the amount of production and are generally parallel with the axis 
of the main uplift or parallel with the axes of the cross folds. 

Upper Cretaceous sediments were unconformably deposited on the 
eroded surface of Comanche strata, which had been previously folded, 


TABLE III 


Cappo Parish PropucTION (INCLUDING Cappo, HosstTon, AND PINE ISLAND) 


Year Barrels Year Barrels 

OOO Re Braet orev ucds: 20 358 TOUS cement cio aes 11,143,890 
TOO TNA eon eee tae Fe 50,000 TORO pee chy ee gee ee 9,239,829 
TOO OMe Ate ee ant 499.931 POZO trance tne ares ec or 6,252,795 
LOOQ) fi: sunset cori 1,028,818 KOPN te ee aba are A 5391, 166 
TO LOA ott cath See © 5,000, 793 TQ2'2 ere pres 3 cores, Anos, 555 
ILO ele eBay st a vectisgen i e vest jh 6,995,828 LO? Seca carte rene es 3,998,503 
TORI cht, xn tok tke 7,117,949 NODA rere eee ae 4,251,319 
TIO EC bel cence ere DMPC Ce 9,781,560 TODS: oe eee eres ae 4,087,673 
5 (CY. We pear ee cris Aa TS 25254 TO 20% ciate cnetewr tend ea 4,669,421 
ORIG aaa. ae 6,471,879 (OG Bien attad Sarno 5,793,434 
TO LOpee ry vege te <tat 5,463 ,682 LODO ceee ee eae ee 4,924,605 
LOM en ee Moe Sa lnaisuat 5,483,638 


* ¢928 figure added since this paper was written.—Ep1ror. 


elevated, and eroded. Thus at Pine Island, the peak of the Comanche 
“high,” Trinity beds are found immediately below the Upper Cretaceous 
sediments, although on the western edge of Caddo 1,600 or more feet of 
Washita and Fredericksburg strata lie between the Upper Cretaceous 
and Trinity rocks. 

Several movements have occurred subsequent to the deposition of the 
Upper Cretaceous, with resultant unconformities, the most important 
of which is post-Claiborne in age. 

The most prolific horizon of the Caddo field has been the so-called 
“Woodbine.” It has been neither proved nor disproved that part of this 
horizon is Woodbine in age, but it is here contended that part of it is 
Tokio in age, part a laterite occurring in the unconformity between the 
Upper and Lower Cretaceous, and part Washita in age. 
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W. C. SPOONER? ° 
Shreveport, Louisiana 


ABSTRACT 


The Homer field, discovered in 1919, has produced more than 56,000,000 barrels . 
of oil to date, and it is estimated that the ultimate production will total 64,000,000 
barrels. Expressed in terms of acre yield, the production to date has been 24,600 
barrels per acre, and the ultimate production is estimated at 28,000 barrels per acre. 

The Homer dome has a diameter of about 9 miles and a structural relief of 1,100 
feet. The producing area comprises 2,300 acres at the apex of the dome. The dome is 
traversed by an east-west trending fault of the normal type, with the downthrow toward 
the south. The maximum throw of more than 500 feet coincides with the highest part 
of the dome. The angle of the fault plane ranges from 40° to 50°. 

The oil is obtained from two sands in the Gulf series of the Cretaceous. The 
Nacatoch sand is productive throughout the field at depths ranging from 675 to 1,150 
feet below sea-level. The Oakes sand produces oil on the south side and salt water on the 
north side of the major fault. The depth of the oil-producing sand ranges from 1,750 to 
1,850 feet below sea-level. This erratic distribution of the oil in the Oakes sand is 
ascribed to upward migration along the fault plane, whereby the oil, which under 
normal conditions would have been trapped in the Oakes sand on the north side of the 
fault, migrated upward into the Nacatoch sand on either side of the fault. 

The Trinity group of the Comanche series has not been tested in this area but is 
believed to contain promising oil- and gas-producing horizons. 


INTRODUCTION 


The Homer field, discovered in 1919, has been the most prolific, and, 
because of the high price obtained for the greater part of the oil produced, 
the most profitable of the northern Louisiana oil fields. In addition to 
the economic aspects it presents geologic features of more than ordinary 
interest, which are presented in summary form in this paper. 


Location AND EXTENT OF FIELD 


The Homer field comprises 2,300 acres in T. 21 N., R: 7 W., and T. 21 
N., R. 8 W., Claiborne Parish. The nearest producing fields in Louisiana 
are: the Haynesville field, 12 miles north; the Cotton Valley field, a like 
distance west ; and the Monroe gas field, 40 miles east. The field is situated 
north of the region of interior salt domes, 18 miles from the Vacherie 
salt dome. 


* Manuscript received by the editor, June 26, 1928. 
* Consulting geologist, Ardis Building. 
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HIstTory 


According to the best available information, it was in 1916 that A. E. 
Wilder, acting upon the recommendation of John Y. Snyder, leased 30,000 
acres of land that included most of the producing area of the Homer field. 

In November, 1916, Wilder assigned 15,000 acres to the Atlas Oil 
Company, now the Palmer Corporation, for the consideration of a well, 
drilling to begin before February 2, 1917. A. E. Hartman, geologist for 
the Atlas Oil Company, examined the area and recommended a location 
in Sec. 20, T. 21 N., R. 7 W., for the first test well. Hartman left the com- 
pany before drilling commenced, and for some reason the location was 
changed to Sec. 22, T. 21 N., R. 7 W. This well, known as the Atlas Oil 
Company’s Moore No. 1, was abandoned as a dry hole at a total depth of 
2,910 feet. 

In August, 1917, the Atlas Oil Company assigned to T. F. Denman 
and A. F. Williams two blocks of leases, one of 3,753 acres and the other 
of 3,879 acres. The consideration was the drilling of a well on each block. 
In November of the same year The Consolidated Progressive Oil Com- 
pany assumed the fulfilment of Denman and Williams’ contract with the 
Atlas Oil Company. The first well drilled under this contract was the 
Featherstone No. 1, in SW. 4, Sec. 20, T. 21 N., R. 7 W. Hartman’s 
original location. It was junked at a depth of 2,287 feet after yielding a 
. showing of oil. The second, and discovery, well was drilled on the Shaw 
farm in the southwest corner, NW. i, NE. 4, Sec. 30, T. 21 N., R. 7 W. 
It came in, January 12, 1919, making 2,500 barrels of oil and water from 
the Nacatoch sand, from 1,409 to 1,416 feet. 

The first well completed in the north field was the Standard Oil 
Company’s Lowenberg No. 1 in the southeast corner, NE. 1 UNE?3, 
Sec. 24, T. 21 N., R. 8 W. It was completed June 30, 1919, producing 
150 barrels from the Nacatoch sand at a depth of 1,160 feet. 

The second sand (Oakes sand) was discovered with the completion of 
the Standard Oil Company’s Guy Oakes No. 1 well in the northwest 
corner, SW. }, Sec. 29, T. 21 N., R. 7 W. It was completed October ro, 
1920, with a production of 20,000 barrels from a depth of 2,090 feet. 
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The rapid development of the field, stimulated by the high price of 
oil prevailing at the time, is evidenced in the increase of production from 
10,034 barrels for the month of May, 1919, to 879,960 barrels for the 
month of December, 1919. The peak of the production was reached in 
May, 1920, when 2,296,800 barrels were produced. The production for 
December, 1920, was 1,618,280 barrels, and for the corresponding month 
of 1921, 704,800 barrels. The highest daily production was recorded in 
May, 1920, with a daily average of 79,894 barrels. The present daily 
production is 4,300 barrels. The total production of the Homer field to 
January 1, 1928, was 56,053,456 barrels. 


TOPOGRAPHY 

The Homer field lies in the Gulf Coastal Plain of Louisiana, go miles 
south of the Ouachita Highlands of Arkansas. In Louisiana this plain 
reaches its greatest elevation along the divide between Red and Onachita 
rivers where, in the vicinity of Homer, it has an altitude of nearly 500 feet 
above sea-level. 

The Homer field lies just west of the crest of the divide. It may be 
described, in a general way, as a basin, 23-3 miles in diameter, partly 
encircled by high hills, a few of which are shown along the northern mar- 
gin of Figure 1. The valley of Flat Lick Bayou, near the center of the 
dome, is 240 feet above sea-level, and the low hills and ridges within 
the basin range from roo to 150 feet higher. The outer hills and ridges have 
an altitude ranging from 4oo to 475 feet, giving a total relief of 225 feet. 

The height of the outer hills is determined by the capping of indurated 
ferruginous sand in the lower part of the St. Maurice formation. 

The numerous streams that rise on the inner flank of the encircling 
hills form the headwaters of Flat Lick Bayou. The stream flows in a 
general southwest direction, into Bayou Dorcheat, a tributary to Red _ 
River. 

STRATIGRAPHY 

The rocks at the surface in the Homer field consist mainly of sands 
belonging to the Claiborne group of the Eocene. Deep wells have pene- 
trated all of the Gulf series, and one well has penetrated not less than 600 
feet of the Comanche series of the Cretaceous. The geologic column of the 
field is given in Table I. 

SURFACE FORMATIONS 
TERTIARY 

Wilcox Jormation.—Vhe oldest beds that appear at the surface in the 

Homer field belong to the Wilcox formation of Eocene age. This forma- 
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tion crops out in a small window adjacent to the fault in the southwest 
corner, NW. 4, Sec. 19, T. 21 N., R. 7 W. It consists of light-colored and 
reddish sand with interbedded thin lenses and partings of ferruginous 
sandstone. 

Cane River formation.—The Cane River formation, basal Claiborne, 
forms a crescent-shaped band ranging from 100 to 300 feet in width which 
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Frc. 1.—Topographic map of the Homer field. Contour interval, 20 feet. 


encircles the Wilcox formation on the north. It is made up of glauconitic 
sand and clay characterized by round sand concretions 1-4 inches in 
diameter. The concretions have a shell 4-4 inch thick, and some are 
filled with glauconite and glauconitic sand and others with red clay. The 


formation is sparingly fossiliferous. It has a thickness of 75 feet. 
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TABLE, I 
GENERALIZED SECTION OF FORMATIONS IN THE HOMER FIELD 
System Series Group Formation ee Character 
Plio- Superficial 
cene(?) gravels o-2 
St. Maurice 0-300 Mainly Boy with some interbedded 
ferruginous clay and sandstone. Some 
glauconite. Sparingly fossiliferous 
Sparta sand 400-450 | Massive reddish and light-colored sands 
Claib with stringers, thin beds, and nodules 
Terti E GOES of white clay and platy ferruginous 
ertiary eS sandstone. Non-fossiliferous . 
Cane River 75 Glauconitic sands and some chocolate- 
colored clays. Siderite concretions. 
Fossiliferous 
Wilcox 400-600 } Lignitic sands and clays 
Midway 450+ Non-calcareous gray ard dark clays in 
upper part. Fossiliferous dark clay in 
basal part. Siderite concretions 
Unconformity = ; 
Arkadelphia go-125 | Dark-colored clays with some chalk in 
clays the lower half. Fossiliferous 
Navarro | Nacatoch sand 250 Sand. sandy limestone with shale at 
the base. Fossiliferous (Oil-producing 
horizon) 
Saratoga chalk | 80-100 | Hard whiteand gray chalk. Fossiliferous 
Marlbrook marl 125 Light-colored chalky shale and marl. 
Fossiliferous 
fea Annona chalk I00 Hard white chalk. Fossiliferous 
u 
caver Ozan (Oakes 275 Gray calcareous shale with 50-60 feet of 
sand at the sand at the base. (Oil-producing hori- 
base 50-60 zon) 
feet) 
Brownstown Mainly fine-grained gray and bluish- 
Z marl (200 feet) green and green sands, grayish-green 
Cretaceous - and gray fine sandy shales and gray 
; Tokio (450 feet) 650 and greenish-gray clays—in part lig- 
Austin nite. Entire section silty. Consider- 
able volcanic ash 
Woodbine sand Doubtfully present in the lower 30 feet 
of beds 
= Unconformily 
Upper Glen 850 Red and brown clay and shale. Argilla- 
Rose ceous limestone, gray and black shale, 
and sandy shale. Thin beds of fine- 
textured sand and sandstone 
Anhydrite zone 500 Anhydrite interbedded with limestone 
Comanche} Trinity | Lower Glen Chiefly calcareous and non-calcareous 
Rose gray to black shale and argillaceous 
limestone. Some red and brown shale, 
and lenses of very fine-textured sand 
and sandstone 
Red sand and | 1,800+ | Red and brown shale and clay. White, 
shale zone gray, and red sand and sandstone 
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Sparta sand.—The Sparta sand is at the surface of the greater part 
of the producing area of the Homer field except for a band of the St. 
Maurice formation adjacent to the fault on the south side. It is made up 
of massive, generally reddish sand, with thin stringers and nodules of 
white clay and, in places, thin platy ferruginous partings. The upper 
part of the formation contains thin beds of light-colored clays and some 
thin-bedded ferruginous sandstone. The Sparta sand ranges from 400 to 
450 feet in thickness, 

St. Maurice formation.—The lower part of this formation is exposed 
in the hills encircling the producing area of the field and in a band con- 
tiguous with the south side of the major fault. It consists principally of 
ferruginous clay and sand and ferruginous sandstone. The clays in places 
contain concretions and beds of limonite in which are found casts of marine 
invertebrate fossils. The beds are sparingly glauconitic. The total thick- 
ness of the St. Maurice is slightly more than 300 feet in this area. 

Surficial deposits.—In several localities in the Homer field are irregu- 
larly distributed patches of gravel which have no obvious relationship to 
the streams of this area. Most of these deposits consist of unconsolidated 
gravel made up mainly of chert pebbles, but a few boulder-like masses of 
conglomerate are found. The conglomerate consists of chert pebbles in 
a matrix of ferruginous sand. There is no accordance in the levels at 
which the gravels occur, and they are probably the residuum of a former 
high-level terrace. 

The age of the gravels has not been determined, but it is believed that 
they were deposited upon a peneplain developed during the Pliocene 
epoch. 
SUBSURFACE FORMATIONS 
COMANCHE SERIES (LOWER CRETACEOUS) 

There is little information concerning the Comanche series under- 
lying the producing area of the Homer field, as few wells have reached 
these beds, and only one well, Standard Oil Company’s Shaw No. 50 in 
Sec. 30, T. 21 N., R. 7 W., has penetrated them for any considerable 
distance. This well records 700 feet of beds, mainly limestones, that are 
assigned to the Trinity group, but, as no information other than the 
driller’s log is available, their position in the geologic column is not deter- 
minable. 

The most complete section of this area is obtained from the Magnolia 
Petroleum Company’s C. C. Lee No. 1, in Sec. 16, T. 22 N., R. 8 W., the 
extreme northern margin of the Homer dome. This well penetrated nearly 
1,600 feet of beds of the Trinity group. (See section, Fig. 2.) 
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The Gulf series is separated from the Comanche series by the most 
pronounced unconformity that has been recognized in the Mesozoic of 
this region. The sequence of events preceding the deposition of the Gulf 
series is imperfectly known but, according to our present understanding, 
was briefly as follows. At, or near, the close of the Comanche epoch the 
sediments were uplifted and folded, and in general tilted westward and 
southward.. Domes of small areal extent and high structural relief, such 
as Bellevuet and Pine Island,? were developed at this time. The uplift 
was followed by a period of erosion during which the beds were truncated 
and the terrain reduced to a peneplain. In the region discussed in this 
paper, the Gulf series is in contact with the Trinity group of the Comanche ~ 
series. The thickness of the upper beds of the Trinity group therefore 
varies according to the amount of structural relief attained prior to the 
deposition of the Gulf series. The amount of such deformation on the 
Homer dome is not determinable, but it may total several hundred feet. 


TRINITY GROUP 

The Trinity group is represented in this area by not less than 4,000 
feet of beds made up of sand, shale, limestone, and anhydrite. The upper 
few hundred feet and the lower 1,800 to 2,000 feet of beds are predomi- 
nantly red; the sands are generally fine-textured; the limestones, argil- 
laceous; and much of the shale is non-calcareous. 

The entire thickness of the Trinity group has not been penetrated in 
deep wells, although the Humble Oil and Refining Company’s Bliss and 
Weatherbee No. 30, Bellevue field, passed through the red shale and 
sand zone and penetrated 500 feet of limestone and shale which, although 
not definitely correlated, are probably of Comanche age. 

The following divisions of the Trinity group are recognized in this 
area: upper Glen Rose, anhydrite zone, lower Glen Rose, and red shale 
and sand zone. 

Red shale and sand zone.—This zone has not been reached in any of 
the wells drilled on the Homer dome, but it probably is present. In the 
Bellevue field these beds had a thickness of 1,900 feet, and in southern 
Arkansas nearly 1,800 feet of beds of similar character have been re- 
corded in deep wells. 

In the Bellevue field this zone may be subdivided into an upper zone 
1,000 feet thick and a lower zone goo feet thick, The upper zone is made 
*L. P. Teas, “Bellevue Oil Field, Bossier Parish, Louisiana,” this volume, pp. 
220-53. 

? A. I. Crider, “Pine Island Deep Sands, Caddo Parish, Louisiana,” this volume, 
pp. 108-82. 


HOMER OIL FIELD, LOUISIANA 203 


up of pink, red, and brown clays and shales and gray and red sands. The 
lower zone consists principally of white and red sands and sandstone. 
The same general subdivisions may be made in southern Arkansas, and 
probably the same will hold for the Homer area. 

Lower Glen Rose.—This part of the Glen Rose was penetrated on the 
Bellevue dome, where 1,150 feet of limestone and shale were recorded. A 
deep well in the Cotton Valley field records goo feet of beds, consisting 
mainly of shales, with subordinate beds of limestone and sand that are 
assigned to the lower Glen Rose. 

These beds decrease appreciably in thickness and laterally change in 
character eastward from the Bellevue field. In the Cotton Valley and 
Haynesville fields there is a noticeable decrease of the calcareous content 
of the beds, and sand lentils are recorded at the several horizons. The 
same condition is shown in the deep well on the north flank of the Homer 
dome. The increase of the sand enhances the possibilities of deep produc- 
tion in this area. 

The section given in Table II contains the deep oil-producing horizon 
of the Cotton Valley field (Fig. 2). 

Anhydrite zone—In this zone have been included all of the beds from 
the top of the highest to the base of the lowest bed of anhydrite. Thus 
defined, it has a thickness of 500 feet, made up of massive and thin- 
bedded anhydrite, argillaceous limestone, and calcareous shale. Some of 
the limestone contains small amounts of pyrite. The anhydrite is sedi- 
mentary in origin and is, in many places in the section, interbedded with 
marine limestone containing what appears to be an impoverished marine 
fauna. Because of the distinctive and easily recognized character, the 
anhydrite is an excellent key horizon and should be accurately recorded 
when penetrated in deep wells. The section given in Table III was re- 
corded in the Magnolia Petroleum Company’s Lee No. 1 well, Sec. 16, 
T. 22 N., R. 8 W., the extreme northern margin of the Homer dome. 

Upper Glen Rose—To this formation are tentatively assigned the 850 
feet of beds above the anhydrite, which were penetrated in the deep well 
drilled on the extreme northern margin of the Homer dome. It should be 
stated, however, that in this area neither the contact between the Gulf 
and the Comanche series nor the age of the upper beds assigned to the 
Comanche series has been definitely established at this time. 

On the basis of lithology the upper Glen Rose is divisible into three 
parts. 

The lower 375 feet of beds are made up chiefly of gray and bluish-gray 
calcareous shale, with subordinate beds of sands, sandstone, and argil- 
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laceous limestone. The beds are mostly calcareous and contain micro- 
fossils and shell fragments and a few poorly preserved Ostrea sp. and 
Pecten sp. The sands and sandstones are very fine-textured. 


TABLE II 


Section, Lower GLEN Rose Breps, MAGNOLIA PETROLEUM Company’s C. C. LEE 
No. 1 WELL IN SEc. 16, T. 22 N., R. 8 We 


Bottom of 
Formation Character 
(in Feet) 

4,918-30 Gray, finely crystalline limestone 
4,930 Very fine-textured, bluish-gray silty sand, slightly calcareous 
4,942 Gray limestone 
4,944 Argillaceous gray limestone, fragments of Ostrea sp. and Pecten sp. 
4,048 Very fine-textured gray sand and sandstone, slightly calcareous 
4,949 Dark gray argillaceous limestone, fossiliferous 
4,951 Brown shale with small nodules of green shale 
4,956 Fine-textured brown sandstone 
4,967 Reddish-brown shale 
4,973 Olive-green, slightly calcareous clay 
4,977 Bluish-gray clay with some very fine-textured sand 
4,986 Reddish-brown shale 
4,991 Brown shale 
4,996 Finely crystalline bluish-gray limestone, fossiliferous 
5,002 Gray limestone, fragments of thin-shelled Ostrea sp. 
5,008 Fine-textured gray silty sand 
5,014 Gray argillaceous limestone, fossiliferous 
5,019 Fine-textured gray lignitic sandstone 
5,024 Fine-textured gray sand 
5,029 Reddish-brown clay 
5,033 Very fine-textured micaceous gray silty sandstone 
5,035 Fine-textured light green sandstone 
5,043 Brown clay 
5,049 Very fine-textured silty gray sandstone 
5,053 Gray argillaceous limestone, fossiliferous, and dark gray to black 

non-calcareous shale 
5,057 Sandy gray limestone, sparingly fossiliferous 
5,050 Very fine-textured micaceous bluish-green and green sandstone, 
slightly calcareous 

5,068 Greenish-gray and green non-calcareous shale 
5,073 Gray, finely crystalline limestone, small odlites 
5,079 Gray argillaceous limestone 
5,091 Olive-green clay 
5,097 Bluish-gray shale, slightly calcareous 
5,100 Bluish-gray non-calcareous shale 
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Fic. 2.—Detailed section of a Fic. 3.—Detailed section of the 
part of the Trinity group of the Co- Brownstown marl and the Tokio for- 
manche series. mation of the Gulf series. 
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TABLE III 


SEcTION OF ANHYDRITE ZONE IN MAGNOLIA PETROLEUM CompPaANy’s C. C. LEE 
No. 1 WELL, SEc. 16, T. 22 N., R. 8 W. 


Bottom of 
Formation Character 
(in Feet) 

4,401-05 Gray, white, and pink anhydrite 
4,408 Dark gray fissile shale, fossiliferous 
4,418 Calcareous gray shale 
4,420 Gray limestone, shell fragments 
4,432 Gray shale, slightly calcareous 
4,434 White powdery calcium sulphate, slight amount of secondary calcite 
4,442 Dark gray siltstone 
4,454 Dark gray calcareous shale and dark gray argillaceous limestone 
4,466 Light gray limestone, fossiliferous, and dark gray calcareous shale 
4,480 Dark gray, fine-textured limestone, fossiliferous 
4,498 Dense, dark gray shale, fossil fragments 
4,505 Gray limestone, fossiliferous 
4,515 Dark gray shale, fossiliferous 
4,528 Gray shale 
4,546 Dark gray shale and finely crystalline gray limestone, fossiliferous 
4,560 Dark gray shaly limestone, shell fragments 
4,570 Black shale, slightly calcareous 
4,574 Dark gray argillaceous limestone 
4,578 Black shale and gray-to-buff, slightly sandy limestone 
4,586 White anhydrite, fractured, calcite filling along fractures 
4,594 Interbedded anhydrite and fine-grained buff limestone 
4,606 White and bluish-gray anhydrite 
4,612 Anhydrite fragments embedded in limestone 
4,614 Black shale and argillaceous gray limestone 
4,618 Bluish-white anhydrite and powdery white calcium sulphate 
4,624 Anhydrite with blobs and stringers of gray limestone 
4,629 Anhydrite 
4,634 Anhydrite and fine-textured black argillaceous limestone 
4,652 White and bluish-gray anhydrite 
4,658 Gray limestone with inclusions of anhydrite 
4,662 Anhydrite 
4,666 Fine-textured dark bluish-gray limestone 
4,671 Conglomerate of limestone and anhydrite 
4,677 Fine-textured dark gray argillaceous limestone and anhydrite 
4,683 Anhydrite with thin stringers of gray limestone 
4,695 Anhydrite with some thin stringers of dense gray-to-buff limestone 
4,748 Anhydrite 
4,757 Gray odlitic limestone 
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TABLE II—Continued 
Bottom, of 
Tay Character 
4,760 Anhydrite 
4,764 Anhydrite with fine-textured gray limestone stringers 3-3 inch thick 
4,768 Anhydrite 
4,776 White powdery calcium sulphate 
4,801 Anhydrite 
4,812 Finely crystalline gray limestone, shell fragments 
4,819 Dark gray odlitic limestone 
4,825 Gray limestone, fossiliferous 
4,831 Fossiliferous gray limestone and black calcareous shale 
4,837 Odlitic gray limestone and fine-textured dark gray argillaceous lime- 
stone 
4,843 Gray limestone and dark gray argillaceous limestone, shell fragments 
4,853 Dark gray calcareous shale, fossiliferous 
4,859 Odlitic gray limestone, shell fragments 
4,871 Dark gray argillaceous limestone and calcareous shale 
4,875 Dark gray argillaceous limestone 
4,877 White and bluish-gray anhydrite 
4,880 Anhydrite and dark gray argillaceous limestone 
4,886 Anhydrite and dark gray fossiliferous limestone 
4,892 Anhydrite 
4,898 Interbedded anhydrite and argillaceous limestone / 
4,904 Gray limestone with stringers of anhydrite }—} inch in thickness 
4,910 Dark gray, finely crystalline limestone, fossiliferous 
4,918 Anhydrite 


The intermediate 250 feet of beds are mainly red, brown, gray, and 
greenish-gray calcareous and non-calcareous shales, with subordinate 
beds of sandy shale, sand, and sandstone and thin lenses of argillaceous 
limestone. The sands are generally fine-textured. The section is sparingly 
fossiliferous. 

The upper 225 feet of beds are dominantly red, brown, and gray sandy 
shale and fine- to medium-textured gray and green sand and sandstone 
and some gray and greenish-gray shale. A few micro-fossils and some 
shell fragments are present in these beds. 


GULF SERIES (UPPER CRETACEOUS) 
The Gulf series underlying northern Louisiana was first correlated by 
Harris, who described the geology of the Caddo fields in rgro. Since that 
1G. D. Harris, “Oil and Gas in Louisiana,” U. S. Geol. Survey Bull. 429 (1910), 
p. 30. 
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time a vast amount of information has become available which has en- 
abled the workers in this district to revise the correlation to correspond 
with the revised section of the Gulf series in southwestern Arkansas 
established by Dane.t Table IV gives the correlation of the earlier and 
the revised section of this district. 

Woodbine sand.—This formation is recognized in wells drilled in 
southern Arkansas, where it consists of sand in a matrix of volcanic 
material. It has not been recognized in the Homer field. 


TABLE IV 


CORRELATION OF UPPER CRETACEOUS IN LouIsIANA 


G. D. Harris, U. S. Geol. Survey 
Bull. 429 (1910) Tas PAPER 
SysTEM SERIES 
Group Formation Formation Group 
Arkadelphia clay Arkadelphia clay 
Nacatoch sand Nacatoch sand = 
Navarro 


Marlbrook marl, in- 
cluding Saratoga Saratoga chalk 
chalk member 


Cretaceous | Gulf Marlbrook marl 


Upper Annona chalk Annona chalk 
Austin Tavl 
Brownstown marl Ozan formation with pyee. 
Oakes sand at base 

Eagle Ford clays 

(Blossom sand Brownstown marl 

member at the top) 

Tokio formation Austin 

Woodbine sand Woodbine sand 


Tokio formation and Brownstown marl.—The Tokio formation of the 
Austin group and the Brownstown marl of the Taylor group are not 
easily differentiated in this area. They have a combined thickness of 650 
feet, of which 450 feet is perhaps assignable to the Tokio formation and 
200 feet to the Brownstown marl (Fig. 3). 

Tokio formation.—The formation is made up of gray sandy shale and 
shale; gray and pale green sand and sandstone. The shales are, for the 
most part, non-calcareous and, in part, lignitic. The sands and sand- 
stones are fine to medium in texture and contain considerable volcanic 


1C. H. Dane, U. S. Geol. Survey Press Bull. 8823 (September 10, 1926). 
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material as a matrix as well as some fine-grained glauconite. In addition 
to the disseminated volcanic material there is a bed of water-laid volcanic 
material ranging from 8 to 1o feet in thickness. The calcareous shales 
generally contain micro-fossils. 

Brownstown marl.—The Brownstown marl consists of calcareous gray 
sandy shale and shale and gray sand and sandstone. The sands are in 
part calcareous and contain some glauconite. 

Ozan formation.—The upper 200 feet of the Ozan formation consists 
of gray and bluish-gray calcareous shale and fine sandy shale. The lower 
50-60 feet of beds is the Oakes sand, the second oil-producing horizon 
of the Homer field. 

Annona chalk.—To this formation are assigned roo feet of hard white 
and gray chalk with subordinate beds of chalky shale. 

Marlbrook marl.—In the Marlbrook marl are included the clays and 
marls between the top of the Annona chalk and the base of the Saratoga 
chalk. It is made up of light-colored chalky clay and marl. Its average 
thickness as recorded in wells is 125 feet. 

Saratoga chalk.—The Saratoga chalk consists of 80-100 feet of white 
and gray chalk, with intercalated thin beds of chalky shale. 

Nacatoch sand.—The Nacatoch sand is made up of an upper sand and 
sandy limestone member ranging from 150 to 175 feet in thickness, and a 
lower shale member ranging from 75 to roo feet in thickness. It is the 
main oil-producing horizon of the Homer field. The producing sand is 
discussed in a later paragraph. 

Arkadelphia clay—In the well records the Arkadelphia clay is not 
easily separated from the overlying Midway clays of Eocene age. In the 
Homer area 00 to 125 feet of black shale and clay, and considerable chalk 
in the lower 50 feet, are assigned to the Arkadelphia clay. ; 


TERTIARY 


Midway formation—The lower 50-75 feet of the Midway formation 
consists of calcareous gray and dark gray clay containing a plentiful 
micro-fauna. The remainder of the formation consists of gray and dark 
gray non-calcareous clay. It is characterized by numerous siderite con- 
cretions, and is commonly logged by the drillers as shale and boulders. 
The thickness of the Midway formation ranges from 450 to 500 feet. 

Wilcox formation —The Wilcox formation appears at the surface in a 
small window adjacent to the fault in the southwest corner, NW. ¢; 
Sec. 19, T. 21 N., R. 7 W., where 50-60 feet of light reddish sand inter- 
bedded with thin lenses of ferruginous sandstone are exposed. 
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As shown in the drillers’ logs, it is composed chiefly of sand and sandy 
shale, with subordinate beds of shale and clay. Much disseminated lignitic 
matter is present throughout the formation, and some beds of lignite 
occur. The Wilcox is approximately 400 feet thick in the producing area 
but increases to nearly 600 feet on the southern margin of the dome. 


PRODUCING HORIZONS ‘ 


Production in the Homer field is obtained from two sands, both in 
the Gulf series. The upper, Nacatoch sand, produces throughout the 
field but is most prolific in the north field. The second, Oakes (Blossom) 
sand, produces oil in the south field, which is on the downthrown side of 
the major fault, and salt water in the north field. 

With few exceptions, the wells in the field were drilled and completed 
with rotary tools, and the records of the producing horizons are not as 
accurate as could be desired. The more detailed section of the Oakes sand 
is obtained from a well on the north flank of the Homer dome, but, as this 
horizon persists throughout a wide area without any appreciable change 
in character, it accurately represents the conditions within the producing 
area of the field. 

NACATOCH SAND 

In the north field the Nacatoch sand produces from depths ranging 
from 675 to 1,100 feet below sea-level. In the south field, which is on the 
downthrown side of the major fault, the producing depths range from 
1,050 to 1,150 feet below sea-level. 

The Nacatoch sand, as previously defined, consists of two members: 
an upper sand member 150 feet in thickness, and a lower shale member 
too feet in thickness, The oil-producing sands are in the upper member. 


NORTH FIELD 


The principal producing member of the Nacatoch sand is within the 
upper 50 feet of beds, although oil is obtained from several thin beds and 
lenses in the lower 100 feet of the sand member. The actual thickness of 
the upper producing members differs greatly from place to place in the 
field, its thickness probably depending upon the completeness of the 
secondary cementation of the sand. The lower roo feet of the sand mem- 
ber is composed chiefly of calcareous sandstone and sandy limestone, with 
irregularly distributed lenses and thin beds of soft sand, and a sand 
at the base ranging from 5 to ro feet in thickness. The thin beds produce 
some oil, and the basal sand is an important producing member in this 
field. 
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SOUTH FIELD 

The Nacatoch sand in this part of the field is essentially the same as 
in the north field, with the exception that the calcareous content is con- 
siderably greater and the porosity correspondingly lower. In this field, as 
in the north field, the main producing horizon is in the upper 50 feet of 
beds, and the sand at the base of the upper member is generally water- 
bearing. 

As no cores of the Nacatoch sand are available, it is not easily deter- 
mined whether the smaller yield per well and per acre in the south field 
is due to vagaries in the accumulation of the oil or to the effect of second- 
ary cementation. The latter is, in the writer’s opinion, the principal 
reason, as the production from offset wells equally well located with 
reference to structure shows variations that can scarcely be attributed to 
other causes. 

In general appearance the producing sand is a medium- to fine- 
textured sand, commonly described as salt-and-pepper sand. It is a poorly 
cemented calcareous sand, slightly argillaceous, and in part glauconitic. 
The quartz grains are medium- to fine-textured and angular. Grains with 
well-rounded corners are negligible. No accurate data are available con- 
cerning the porosity. 

A typical well record of the Nacatoch sand in a well ee with 
cable tools is given in Table V. 

TABLE V 


SEecTIONn oF NAcATocH SAND IN ARKANSAS NATURAL GAS CoOMPANY’S LANGSTON 
No. 04, SEC; 24, T. 20-N., R. 8 W. 


Bottom of 
Formation 
(in Feet) Character 
993-1,005 Gray sand. . Oil 
1,008 SAVING, on a ou 
1,120 Sand and hard lime 
1 OP) Sand eye anc 2 Oil 


OAKES SAND 


The Oakes sand, named after the Oakes farm, upon which the dis- 
covery well was drilled, is also known as the “Blossom” and the “Haynes- 
ville’ sand. Stratigraphically it is, as far as can be determined, the 
equivalent of the Buckrange sand of southwestern Arkansas. 

The thickness of the Oakes sand ranges from 50 to 60 feet. It is fine 
to coarse sand and sandstone, with a considerable admixture of volcanic 
material and some glauconite, which determines the prevalent green color 
of these beds. The upper part of the section contains pebbles of novaculite 
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and igneous rocks, accounting for the high porosity of the producing hori- 
zons in the Homer field, which have yielded wells with an initial daily 
production of 40,000 barrels. A detailed section of the Oakes sand is 
shown in Figure 4. 
O 


Core-3' Fine-textured green sand 


aig Sandstone 


Corees: Mediumtextured green sand - Calcareous 
Cement - Some Pebbles of red chert 


Core-7’' Coarse-textured Sandtn matrex of 
green volcanic material. 


25 Core-5' Coarse and mediumtextured sand 
in matrix of green volcanic material 


Sandy Shale 


Core-3' Mediumtextured sand in matrix of 
green volcanic material 


35 Core-2' Fine-textured, hard, green Sandstone 


Bs ae Ls Hard Sandstone 


Very fine-textured green 


H Core-9' 
i eo. sand and sandstone 


50 


Fine-textured sand and 


eo ae grey and green shale 


160 

Fic. 4.—Detailed section of the Oakes sand. Depth and thickness of cores shown 
in feet. Unless noted as cored, lithology is taken from driller’s log. 

STRUCTURE 
SURFACE STRUCTURE 


The main structural features of the Homer dome are clearly shown in 
the distribution and attitude of the outcropping rocks (Fig. 5). The 
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main fault that traverses the dome from east to west can be traced, with 
slight interruptions, from Sec. 14, T. 21 N., R. 8 W., to Sec. 16, T. 21 N., 
R. 7 W. The highest part of the dome is in the southwest corner, NW. 4, 
Sec. 19, T. 21 N., R. 7 W. It is marked by a small window of the Wilcox 


TM —s bes 
Recent St. Maurice Sparta Sand CaneRiver Wilcox 


I'rc. 5.—Areal geology of the Homer field. 


formation that on the south side is in contact with the St. Maurice forma- 
tion. On the north side, the Wilcox is separated from the Sparta sand by 
a narrow band of the Cane River formation. The Sparta sand crops out 
in the center of the dome throughout an area 2—23 miles in diameter, ex- 
cept as previously noted, and with the exception of a narrow band of the 
St. Maurice formation that parallels the fault on the downthrown side. 
The Sparta sand is encircled by the St. Maurice formation, which is 
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normally at the surface in this area. Dips corresponding closely to the 
dip of the Nacatoch sand can be observed in many localities. The band 
of the St. Maurice formation that parallels the fault on the downthrown 
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Fic. 6.—Generalized geologic structure map of the Homer dome. Contours drawn 
on the top of the Nacatoch sand showing depths below sea-level. Width of area mapped, 
approximately 12 miles. 


side is inclined toward the fault plane at angles ranging from 5° to 20°. 
The calculated vertical relief, based on the measured thickness of the 
exposed beds, is in substantial agreement with the relief determined in 
the Nacatoch sand. 
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SUBSURFACE STRUCTURE 


Figure 6 is a generalized structure map of the Homer dome, drawn on 
the top of the Nacatoch sand at intervals of roo feet. As comparatively 
few wells have been drilled outside of the producing area, it follows that 
the structure is somewhat generalized on the outer margin of the dome. 

This dome is nearly circular in outline, with a diameter of slightly 
more than 8 miles at the base of the lowest closing contour line. The 
maximum structural relief is 1,100 feet (Fig. 7). The average dip is 2.5° 


SOUTH Top of Nacatoch ne eee ee 


oO” % 3 2 MILES 
——EE ee ee a | 


Vert.and Horiz. Scale 
SECTION A-A' 


Fic. 7.—Section A-A’. Showing relation between vertical relief and diameter of 
the dome. 


on the south flank and 3° on the north flank. The dome is traversed by a 
major fault with an irregular but generally east-west trend. The maxi- 
mum throw of the fault is 500 feet and coincides with the highest part of 
the dome. The amount of throw decreases away from the apex of the 
dome. The fault is of the normal type, with the downthrow on the south, 
and the angle of the fault plane with the horizontal ranges from 40° to 50°. 
The downthrown side of the dome is traversed by several minor radial 
faults which have their loci near the apex of the dome. They have small 
horizontal extent, and the amount of throw in no place exceeds too feet. 

The generally east-west trending fault divides the Homer field into 
two separate and distinct producing areas, which for convenience are 
called the ‘‘north” and “‘south”’ fields. The detailed subsurface structure 
map (Fig. 8) is drawn on the top of the main producing horizon of the 
Nacatoch sand, which ranges from ro to 20 feet below the top of this 
formation. 

The productive area is higher than the 1,175-foot contour which 
encloses an area about 3 miles in diameter. Because of local faulting and 
minor structural irregularities, a part only of the area enclosed by this 
contour is productive in the south field. 


NORTH FIELD 
The highest part of this area, as well as of the Homer dome, is ad- 
jacent to the fault in Sec. 19, T. 21 N., R. 7 W., and Sec. 24, T. 21 N., 
R. 8 W,, where the depth of the Nacatoch sand ranges from 675 to 700 
feet below sea-level. Outward to the margin of the producing area the dip 
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is nearly constant at the rate of 500 feet per mile. The influence of the 
fault upon the form of the dome is evidenced in the sharp influxing of the 
contours toward the fault in which they terminate. The total structural 
relief of the producing area is 500 feet. In the extreme western end of the 
producing area, minor faults, branching off from the main fault, have 
slightly modified the distribution of oil. 


- 
SoS 


aS fossa 


I'rc. 8.—Detailed geologic structure map of the Homer field. Contours drawn on 
top of the Nacatoch sand, in feet below sea-level. 


SOUTH FIELD 
The south field is divided into several segments by south and south- 
west trending radial faults. The highest parts of the field are in Sec. 30, 
T. 21 N., R. 7 W., and Sec. 25, T. 21 N., R. 8 W., where the depth of the 
Nacatoch ranges from 1,050 to 1,075 feet below sea-level. The highest 
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points coincide with local domes of low relief developed on the generally 
flat surface of the producing area. The dips are low within the field, but 
become very steep within a short distance outward from the 1,200-foot 
contour. The radial faults have scarcely affected the distribution of the 
oil. 

FAULTS 

The faults of the Homer dome, viewed in plan and without regard to 
their relative magnitude, form an interesting radial pattern. Actually 
they consist of one major east-west fault and several minor faults of rela- 
tively slight importance. 

The major fault is shown in the accompanying illustrations by a series 
of connected straight lines, which, if detailed data were available, would 
no doubt be somewhat modified. It has not been possible to determine 
whether the straight lines are slightly offset from one another or connected 
in a gently curving line. 

The fault is of the normal type, with the downthrow toward the south. 
The maximum throw of soo feet coincides with the apex of the dome, and 
the throw decreases outward from this point. One of the interesting 
features of this fault is the inclination of the fault plane, which has been 
determined with some degree of accuracy in several places along its 
extent. The dip of the fault plane ranges from 40° to so° S. Another 
feature of interest is that the beds on the downthrown side do not show 
evidence of normal drag, but, on the contrary, are dipping into the fault 
plane at angles ranging from 4° to 18°, 

The surface trace of the fault is most easily determined from the dis- 
tribution of the surface formation, but for a considerable distance it is 
marked by a bed of ferruginous sandstone ranging from 1 foot to 4 feet in 
thickness. The sand, aside from the ferruginous content, is identical with 
the Sparta sand, of which it is a part, and is the result of water circulation 
along the fault plane. 

The characteristics of the minor faults are perhaps best shown in 
Figure 9. Their throw is small, rarely exceeding 50 feet. They are normal 
faults; the relative movement of the segments is up and down with ref- 
erence to one another. The fault planes are nearly vertical. 


AGE OF FOLDING AND FAULTING 


The uplift of the Homer dome, as well as other structural features of 
the region, was coincident with a general elevation of northern Louisiana 
and southern Arkansas. The uplift involved all of the Eocene and prob- 
ably the Oligocene, thus placing the event in the Miocene. The uplift 
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was perhaps genetically related to the 
down-warping of the trough in which 
was deposited the great thickness of 
sediments represented by the Cata- 
houla sandstone and the Hattiesburg 
and Pascagoula clays. 

The foregoing statement applies to 
the Gulf series and younger sediments, 
but the pronounced unconformity that 
separates the Comanche and the Gulf 
series marks an earlier period of def- 
ormation which profoundly affected 
the attitude of the Comanche sedi- 
ments. According to our present im- 

. perfect understanding of the history 
of the Comanche series, the sediments 
were uplifted and folded at or near the 
close of the epoch. Locally, domes of 
small areal extent, but with a struc- 
tural relief of 800 to 1,500 feet, were 
developed at this time. In the subse- 
quent interval of erosion, between the 
end of the Comanche epoch and the 
deposition of the basal beds of the Gulf 
series, the beds were truncated and the 
terrain reduced to a peneplain. 

Inasmuch as the structure of the 
Comanche strata is not known under 
the Homer dome, it may be profitable 
to examine the structure of the Belle- 
vue dome, where more complete data 
are available. This dome, in so far as 
it concerns the post-Comanche fold- 
ing, is analogous to the Homer dome. 

Briefly summarized, the Bellevue 
dome is a nearly circular dome with 
a diameter of 8 miles and a structural 
relief of 600 feet based on the Nacatoch 

; a sand. The structural relief of the Co- 

“Usury Geo eet manche strata is not less than 1,500 
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feet, which represents the thickness of the beds removed by erosion prior 
to the deposition of the Gulf series. The localization of the uplifts is 
closely concordant in the Comanche and the younger strata. 

Although the Comanche beds penetrated in the Standard Oil Com- 
pany’s Shaw No. 50 well, in Sec. 30, T. 21 N., R. 7 W., cannot be corre- 
lated, there can be little doubt that the Homer dome suffered considerable 
deformation prior to the deposition of the Gulf series; that, in fact, the 
dome is the result of two distinct periods of deformation. 

The origin of the Homer dome and its attendant structural features 
is an interesting subject, which, together with the regional deformation, 
merits more space than the scope of this paper permits. 

A knowledge of the structure of the underlying Comanche strata and 
its influence upon the localization and form of the dome developed in the 
younger sediments is an important factor, without which no discussion 
of the origin is complete. On the basis of comparison with conditions 
as known on the Bellevue and the Pine Island domes and the meager data 
available from this area, it may be permissible to infer that the Comanche 
strata are more intensely folded than the overlying younger beds and that 
the deformation in the younger beds is essentially concordant with the 
deformation of the Comanche strata. In effect, therefore, the later 
movement was simply a recurrent movement, and the factors involved 
in the uplift were essentially the same throughout the development of 
the dome. 

The Homer dome is so obviously the result of vertically operating 
forces that further qualification of that statement is scarcely necessary. 
That the dome is at the nodal point of intersecting folds has been sug- 
gested as an alternate hypothesis but is not in accord with the evidence 
concerning either local or regional folding. 

The Homer dome has perhaps most generally been considered as a 
salt dome on a grand scale, produced by a deeply buried salt intrusion. 
This opinion seems to have been fostered by the superficial similarity to 
the salt dome structure and its nearness to the salt dome region of north- 
ern Louisiana. Its comparatively great size makes it necessary to postu- 
late a great body of salt whose presence on the margin of the salt basin 
would be difficult to explain. Igneous rock is equally competent to 
produce the results attained, and the fact that no igneous rock is present 
at the surface or has been penetrated in deep wells in this region does not 
detract from its competency. Plutonic rocks are not known to have been 
intruded in the Gulf series or later formations, but there is much evidence 
to show that there were igneous activities during the Comanche epoch. 
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The plutonic rocks along the margin of the coastal plain of Arkansas 
were intruded in the Comanche strata, and igneous rocks have been pene- 
trated in deep wells in Arkansas and eastern Louisiana. Geophysical 
surveys give indications that buried bodies of igneous rocks underlie 
the surface in several localities in southeastern Arkansas and north- 
eastern Louisiana. Granted that the igneous masses are nearer the surface 
on the east, there is nevertheless no reason why more deeply buried 
masses should not have intruded the Comanche strata in the area. 

Considering the deformation of the Gulf series and later formations, 
the following sequence of events is in accord with the available evidence. 
The initial stage in the development of the dome was the upwarping of 
the strata, with resultant tensional stresses. The initial failure occurred 
after an indeterminate amount of vertical relief had been attained. The 
relief, however, was obviously not more than 600 feet, which is the dif- 
ference between the throw of the fault and the maximum vertical relief 
of the dome. After the initial failure the upward movement continued, 
with the downthrown side lagging behind with reference to the up- 
thrown side. We may consider that this movement continued until the 
upthrown side had reached its maximum elevation, when, because of 
inability to overcome friction along the fault plane at depth, the shifting 
of the center of application of the intrusive medium, or other factors, it 
came to rest. The downthrown side continued to move, as is evidenced 
by the sharp flexing of the strata toward the fault plane, indicating a 
rotational movement that could have been accomplished only by an ac- 
celeration of the movement on the downthrown side. The possibility 
that the relative rate of movements varied during the uplift could also 
have brought about these conditions. 

The radial faults, which are limited to the downthrown side, suggest 
an acceleration of the movement of the downthrown side toward the 
culmination of the movement, rather than differential movement of the 
beds on opposite sides of the fault during the uplift. 


RELATIONSHIP OF Ort ACCUMULATION TO STRUCTURE 


The oil accumulation of the Homer field is normal to the structure in 
that it occupies the highest part of the dome. The Nacatoch sand pro- 
duces oil throughout the field from the 1,150-foot contour to the apex of 
the dome. The Oakes sand produces oil within the same structural limits 
on the south side, and salt water on the north side of the major fault. 

The distribution of the oil is ascribed to upward migration along the 
fault plane, whereby the oil, which under normal conditions would have 
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been concentrated in the Oakes sand, migrated upward into the Nacatoch 
sand on either side of the fault. 

There is no definite proof that the Homer oil is indigenous to the 
Oakes (“Blossom’’) sand, but the relationship is strongly suggested by the 
facts that its properties and gravity are the same throughout the field, 
whether obtained from the Nacatoch or the Oakes sand, and that it is 
essentially similar in properties to the oil obtained from the “Blossom” 
sand in the Cotton Valley and Haynesville fields. The Nacatoch sand is 
water-bearing in the last-named fields. The properties of the Homer crude 
are totally different from those of the oil produced from the Nacatoch 
sand in other areas in northern Louisiana. 

In relation to the migration, it is significant to note that there is no 
gas produced in the Homer field except the normal casing-head gas, and 
that there is no noticeable difference in the properties, gravity, or tem- 
perature of the oil produced from wells adjacent to the fault or from wells 
along the fault plane. 

The uplift of the dome and the resultant faulting produced the condi- 
tions that permitted the upward escape of the oil. It is assumed that the 
Homer dome, as outlined in an earlier paragraph, had its origin in the 
intrusion of some competent medium, probably rock salt or igneous rock; 
that the dome was elevated, perhaps several hundred feet, before failure 
resulted; and that after the initial failure the fault developed its maximum 
throw as the uplift proceeded to completion. In the development of the 
structure, therefore, the oil-bearing Oakes sand, on the upthrown side, 
was successively brought into contact with the Annona chalk, the Sara- 
toga chalk, and the Nacatoch sand on the downthrown side of the fault. 
The chalks are no doubt highly fractured contiguous to the fault plane, 
which condition facilitated the upward movement of the oil. 

The character of the beds brought into juxtaposition with the oil- 
bearing sand is believed to be the principal factor, and water circulation 
and escaping gas contributory factors, in the upward migration of 
the oil. 

The upward migration of the oil seems to have been effectively ar- 
rested by the Arkadelphia and Midway clays. Showings of oil were en- 
countered in the Wilcox sand on the south side of the fault, and were 
tested in several wells with negative results. The oil in this horizon, 
although no:accurate data are obtainable, is of lighter color and higher 
gravity than the normal Homer crude, and may represent lighter fractions 
brought up with the escaping gases. 
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POSSIBILITIES OF DEEPER PRODUCTION 


The possibilities of deeper production seem to be limited to the Co- 
manche series, as several wells favorably located on the structure have 
penetrated all of the Gulf series with negative results. 

Recent drilling in northern Louisiana has obtained both oil and gas 
from the Comanche series. In the Cotton Valley field two producing 
horizons, one in the anhydrite zone and the other in the upper part of the 
lower Glen Rose, are producing gas and oil. In the Pine Island field, sev- 
eral horizons in the lower Glen Rose yield oil and gas, as well as the upper 
beds in the red shale and sand zone. 

The Homer dome is much more pronounced than the Cotton Valley 
dome, and reservoir conditions are equally, if not more, favorable to the 
accumulation of oil and gas. The faulting in the Homer field may have 
produced fracturing in the more competent strata, thus enhancing the 
reservoir conditions. ; 

Although the structure of the Comanche series in the Homer field is 
not known, it has been determined that the major fault has displaced 
the red beds in the upper part of the Trinity group in the same manner in 
which the Gulf series are displaced. In locating a deep test, it is, therefore, 
important to consider the inclination of the fault plane, as the apex of the 
structure will move farther and farther toward the south as the depth of 
the beds increases. The dry territory that separates the north and south 
fields may reasonably be expected to be structurally high in the anhydrite 
zone and the lower Glen Rose, and a test well should be located with these 
facts in mind. 

The Homer dome, considering the structure and the reservoir condi- 
tions, is perhaps the most promising area in which to test the oil- and gas- 
producing possibilities of the Comanche series. 


PRODUCTION 
DRILLING METHODS 


The rotary method of drilling was used in the Homer field, although a 
few wells were standardized after reaching the producing sand and com- 
pleted with cable tools. The drilling presented no exceptional difficulties. 

The common practice was to set 150-75 feet of ro-inch casing to ex- 
clude the surface waters. In the north field, where only the Nacatoch sand 
produced, 6-inch casing was set above the sand. In the south field, where 
both the Nacatoch and Oakes sand were productive, it was customary to 
leave a casing seat and rat-hole through the Nacatoch sand. If the show- 
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ing of oil warranted, a test casing was set; otherwise the hole was drilled 
to the Oakes sand and casing set above this sand. All casing strings were 
cemented. 

The practice in completing the wells differed. In the north field, where 
bottom water was absent, most of the wells were drilled through the 
entire thickness of the Nacatoch sand and were allowed to flow through 
the casing. In most wells, however, 43-inch perforated liners were set 
through the sand. In the south field, the Nacatoch wells were commonly 
completed with 43-inch perforated liners, but sand screens were used in 
many of the wells. Depending upon the volume of fluid to be handled, 2-, 
24-, or 3-inch tubing was used. 


PRODUCING AREA 


The total producing area of the Homer field is 2,280 acres, of which 
1,250 acres are in the north field and 1,030 acres are in the south field. 

In the north field, 295 wells were drilled, all to the Nacatoch sand, 
giving an average spacing of 4.3 acres per well. The depths of the wells 
range from 1,050 to 1,450 feet. 

In the south field, 337 wells were drilled: 198 wells were completed 
in the Nacatoch sand, and 129 wells in the Oakes sand. The depths of the 
Nacatoch-sand wells range from 1,350 to 1,500 feet, and of the Oakes- 
sand wells, from 2,000 to 2,100 feet. 


WATER CONDITIONS 


The water conditions vary widely between the north and south 
fields. In the north field, producing solely from the Nacatoch sand, the 
edge water was closely delineated by the 1,100-foot contour. Bottom 
water was not present, and the encroachment of the edge water has been 
very slow. The present edge-water line conforms closely to the 1,025-foot 
contour. In the south field, the water conditions in the Nacatoch sand 
were similar to those in the north field, but, because of imperfect water 
shut-off, water appeared early. At the present time, all of the Nacatoch 
wells make water. 

In the Oakes sand, bottom water was not far below the oil-producing 
sand. In the large wells which only tapped the oil sand, water ordinarily 
appeared in a few hours after the well began producing; and all of the 
wells, regardless of their initial production, made water shortly after com- 
pletion. 

INITIAL PRODUCTION 

In the early stage of its development, the Homer field was featured 

by wells of high initial yield. Owing to inadequate pipe-line and storage 
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facilities, it was difficult to secure accurate gauges of the capacities of the 
larger wells; but competent production men estimated that one well had 
an initial yield of 40,000 barrels per day from the Oakes sand, and several 
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(G9) 16) Worek es cats Ie) (ete Sign 34.5 4I 18 Up to 392 
200-225 rset 5c 10.5 .857 33.4 47 28 302-437 
OPIS ANOL eee ueenee OE 5-9 16.4 .871 30.7 61 46 437-82 
Bien 6 toe moh 08 Sek PIN cals . 880 2OVen 87 64 482-527 
Ni AMOR. 3 Gc Pent 5.9 BTA: .892 2ireO 149 84 527-72 
Carbon residue of residuum, 8.2 per cent. 
APPROXIMATE SUMMARY 

Percentage Specific Gravity Degrees Bé. 
Gasoline'and naphtha. nc... nee cen: Bow . 730 60.2 
ISRO CATS bia Sid oo eho © Fo tI DIO CeomEsOn TS5 .812 42.4 
CHG OMl, 0565.0 6 Ob GRO coca SDE eer Racor 10.5 854 33.9 
Light lubricating distillate............-.. II.o 875 30.0 
Medium lubricating distillate........... 5-9 892 27.0 
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wells producing from the same sand were rated as ranging from 10,000 to 
25,000 barrels per day. The Nacatoch wells were smaller, but several 
were estimated to be capable of producing at the rate of 4,000-12,000 
barrels per day. 

A rather exceptional condition exists in this field in that no wells 
were completed as gas wells. 

The character of the oil is shown by the analysis given on p. 225 by 
the United States Bureau of Mines. 


PRODUCTION STATISTICS 


The Homer field up to January 1, 1928,. has produced 56,053,456 
barrels, distributed as shown in Table VII. The daily production to 
January 1, 1928, was 4,360 barrels from 482 wells, giving an average daily 
yield of 9 barrels per well. 


TABLE VII 
YEARLY PRODUCTION, HOMER FIELD 

Year Barrels 
TORO hye cire tents cate peewee ce ee ee ne 1,994,165 
TO 2 Oy. Mee als ine ae RS ee Eee 22,182,836 
OV RUMEN Me, Boh 5 Rca een Ame Tecra Ce 12,736,884 
OV ie trae Boe Ean lest GEAR Ske ie ee aS fc 6, 293,809 
ROP Ser ee eT As Oe, Drie Poe eke ate f 3, 801,938 
DQ QA oh ga 2.3} ed tos eR rae RS: ye: on oa 2,891,580 
2 / yn tsi) oy Son ae ea ae a 2,345,000 
TO 20:5) 2) iis ete Gene ge ER es ee 2,105,255 
LO 27 rk risk eee en Me eee eee ee 1,751,989 

‘Total: Sana ass Gee eee er eee 56,053,456 


The Homer field has yielded the most oil per acre of any field in north- 
ern Louisiana. On a basis of the actual producing area of 2,280 acres, the 
average production per acre to January 1, 1928, is 24,500 barrels, as com- 
pared with 10,360 barrels per acre for the Bellevue field and 7,366 barrels 
per acre for the Haynesville field. Individual leases in the field have 
yielded in excess of 50,000 barrels per acre. 


PRODUCTION DECLINE AND FUTURE PRODUCTION 


In Figure rr is given an average daily production decline curve for 
the Homer field, upon which has been projected an estimate of the future 
production to the end of the year 1935. 


« Since this paper was written, the r928 production figures are available: 1,662,779 
barrels. 
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The estimated future production by years is given in Table VIII. 


TABLE VIII 

EsTIMATED FUTURE PRODUCTION OF THE HOMER FIELD 
Year Barrels 
£0295 01 Shea wie te ee eee "1B, 530,000 
TO DOW wk hese hes Segcre helene ceca a as et ee OR oes I, 350,000 
LOR 5h. Au teers cue eae nayte oy eee One ean ee en I, 230,000 
TOS Tis, Ce gepcssye ese akan 8 Rene eM arn ee a a ee I, 130,000 
NOR abemren ree en Gnd on titra ena ey Peay id Seki diy cikio ea 985,000 
Oe eRe Ree Gate, ocak ek oe ee INR, eR PON ce tt costs 938,000 
TOGA ie shiny esterase ay CO REE eA ce ate 875,000 
TOI Pose ach Nene Regu cows) eee ee rt eee pee Ree 814,000 

Total estimated future production........ 8,850,000 


SUMMARY OF PRODUCTION 


The total production to January 1, 1928, was 56,053,456 barrels, the 
estimated future production 8,850,000 barrels, giving a total ultimate 
production of 64,903,456 barrels. The average acre yield based on these 
figures is 28,500 barrels per acre. 
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Houston, Texas 


ABSTRACT 


The Bellevue oil field, in northwestern Louisiana, has produced in five years 
8,500,000 barrels of 19.3° Bé. gravity oil from the Nacatoch sand, of Upper Cretaceous 
age, at a depth ranging from 300 to 4oo feet. The field lies at the apex of a broad dome 
having a closure of about 800 feet. The accumulation of the oil is directly associated 
with a series of tensional faults. The faults in the Upper Cretaceous range in throw 
from 20 to 250 feet, but in the Lower Cretaceous a central horst has been faulted up 
800 feet. Recently a deep well on this dome has penetrated much older beds than any 
hitherto encountered in Louisiana. 
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LOCATION 


The Bellevue oil field is in Secs. 10, 11, 14, 15, and 23, T. 19 N., 
R. 11 W., eastern Bossier Parish, in northern Louisiana. It is 22 miles, by 
good road, northeast of Shreveport, and 5 miles north of Princeton, a 
station on the Shreveport branch of the Louisiana and Arkansas Railroad. 
The name is from the town of Bellevue, a few miles northwest of the field, 
the former parish seat of Bossier Parish. 


HISTORY 


Although Bellevue did not become a commercial producer of oil until 
R. O. Roy, on November 13, 1921, brought in his Railroad Lands No. 7, 
mention was made of the peculiar topographic conformation of the area 
as early as 1888 by L. C. Johnson, who referred to “the hilly-like mass of 


« Presented before the Association at the Tulsa meeting, March 25, 1927. Manu- 
script received by the editor, June 7, 1928. 
2 Geologist, Humble Oil and Refining Company. 
3 L. C. Johnson, “Report on the Iron Regions of North Louisiana and East Texas,” 
Lix. Doc. 195, 50th Congress. 
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older Tertiary material entirely surrounded by level upland flats” which 
is the topographic expression of the dome. Veatch’ shows this Tertiary 
inlier on his map accompanying the paper on the “Underground Waters 
of North Louisiana and South Arkansas,” and G. D. Harris? shows it on 
his map of North Louisiana and South Arkansas. 

Evidently the fact that a great dome existed here was not fully realized 
by these men, and it was not until 1917 that the Standard Oil Company 
of Louisiana, acting on the advice of its geologist, S. C. Stathers, drilled 
the Heilperin well, in Sec. 32, T. 20 N., R. 11 W. This well was on the. 
north flank of the dome, and, although very much higher than it should 
have been normally, it was still too far down the flank to get commercial 
production. Showings were encountered, however, in the Nacatoch at 
1,059 feet and again in the Woodbine at 2,414 and 2,521 feet. 

J. Y. Snyder and R. O. Roy were next attracted to the area, and in 
rgrg drilled the Pease well located by Snyder in Sec. 26, T. 19 N., R. 12 
W., which showed oil in the Nacatoch at 920 feet. In 1920 Roy’s third 
well, Smith No. 1, Sec. 7, T. 19 N., R. 11 W., was completed as a 12-barrel 
pumper in the Woodbine at 2,173 feet. This oil was of excellent quality 
with a gravity of 38.2°. Three additional wells were drilled, all showing 
oil in the Nacatoch sand, until the Nacatoch was found so near the surface 
that a smaller rig could be used. Meanwhile The Texas Company drilled 
the Scanland No. x in Sec. 29, T. 19 N., R. 11 W., to 4,052 feet, en- 
countering the Glen Rose anhydrite at about 2,770 feet. With the geo- 
logical aid of Snyder, Roy continued his prospecting with a small rig 
during 1921 until November 13, 1921, when the tenth well (or the six- 
teenth, if the deeper tests are included) found commercial oil in the 
Nacatoch sand, near the top of the Upper Cretaceous. The discovery 
well, Railroad Lands No. 7, Sec. 15, T. 19 N., R. rz W., encountered oil 
at 398 feet, or 184 feet below sea-level. This well opened what is perhaps 
the most productive field for its depth in this country. From then on, the 
development of the field by the Louisiana Oil Refining Corporation, the 
Standard Oil Company of Louisiana, the Gulf Refining Company, the 
Humble Oil and Refining Company, George Wetherbee, R. L. Autrey, and 
others was rapid, and an area of 700 acres was soon producing in the north 
pool. Later, in Secs. 22 and 23, T. 19 N., R. 11 W., 13 miles south of the 
discovery well, a small pool of about roo acres was opened, but the wells 
were much below the standard of the main pool. 


"A.C. Veatch, U.S. Geol. Survey Prof. Paper 46 (1906). 
*G, D, Harris, U.S. Geol. Survey Bull. 429 (1900). 
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In 1923, Holman and Campbell! described the field as it had been 
developed to that time; since then, however, drilling has added enough 
additional information to justify another paper. 


TOPOGRAPHY 


The structural dome at Bellevue is well expressed on the surface. 
The Midway clay on the central part of the dome has weathered more 
rapidly than the surrounding Wilcox and Claiborne sands, thus producing 
a broad flat basin, open on the east side, with an average elevation of 215 
feet. Within the basin the ground is ordinarily wet and the area is dotted 
with many small circular mounds, or “gas bumps,” probably produced by 
rising ground water. With the exception of a few small prairies on the 
east side, the area was formerly heavily timbered. Around the central 
basin, within which the oil field lies, is a ring of rolling terrain and hills, 
which on the north and southwest sides exceed 400 feet in height. Brushy 
Creek flows south through the center of the field, but does not afford 
very effective drainage, owing to the flat surface within the basin area. 


GEOLOGY 


The geology of Bellevue is of exceptional interest, for here not only 
has the Nacatoch sand been brought closer to the surface than at any 
other point in Louisiana with the exception of the salt domes but the dom- 
ing has been attended with much tensional faulting and by recurrences 
of the uplifting movement which have produced a marked unconformity 
(Fig. 1). In addition, on the surface the underlying structural conditions 
have been reflected in the stratigraphy and in the topography. 

The Bellevue dome covers an area approximately 8 miles in diameter. 
Although not strictly a part of the Sabine uplift, it lies on the eastern 
flank of that adjoining and more extensive structure. Although both up- 
lifts may have occurred at approximately the same time, they are of 
distinctly separate origin, the Sabine uplift having been caused by a 
broad folding movement, whereas Bellevue is probably the result of 
localized movement, probably igneous, rather than salt-dome activity. 

The expression of the dome at the surface may be seen on the west 
side, from Fillmore north to Princeton, where successively older Wilcox 
and Claiborne beds are encountered until at Princeton the younger Clai- 
borne (Cane River) again appears in a down-faulted block. F arther north- 
ward, near the village of Bellevue, the Wilcox again crops out and is 
overlain by Cane River clays and still younger Sparta sand. The exposure 

. i. Holman and R. B. Campbell, Bulletin Amer. Assoc. Petrol. Geol., Vol. 7 (1923); 
p. 045. 
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of older formations near the center of the dome is prevented by a Pleisto- 
cene deposit of sand and clay. This central deposit was made possible by 


GEOLOGICAL STRUCTURE MAP OF THE BELLEVUE FIELD 


CONTOURS DRAWN BOSSIER PARISH, LA. 


_ r= 
ON TOR (OF THE: TION. RALW. 


Lovisians O. Ref 


Humble 0. & Ref Co. 


Louisiane 


Frc. 1.—Subsurface structure of Bellevue dome, contoured on top of Nacatoch sand below 
sea-level. Contour interval, 50 feet. 


the previous erosion of the more easily eroded Midway clay, while the 
flanking Wilcox and Claiborne sands, less easily eroded, were left. 
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STRATIGRAPHY 


Owing to the continuation of uplift during deposition, to faulting 
followed by erosion, and to the erosion of the domed area, the normal 
north Louisiana section is not found everywhere at Bellevue. Some of the 
Tertiary and Upper Cretaceous formations have thinned over the top of 
the dome; the lower part of the Upper Cretaceous is missing at the apex; 
and approximately 1,150 feet of the upper Trinity are also missing over 
the center of the dome. On the other hand, the limes and shales are some- 
what thicker near the middle of the Trinity section (Fig. 2). 

The Wilcox is the oldest formation at the surface, although the Mid- 
way on the top of the dome lies below approximately 80 feet of Pleistocene 
fluvio-estuarine deposits. The next youngest formation exposed is the 
Sparta sand of middle Claiborne age, and some miles distant still younger 
Claiborne occurs. 

Beneath the surface, on top of the dome, the Lower Cretaceous has 
been penetrated to a depth of more than 4,200 feet below the top of the 
Trinity, or to a greater depth than elsewhere in Louisiana. 


LOWER CRETACEOUS SERIES 


Glen Rose formation.—The Glen Rose formation on the flanks of the 
Bellevue dome is represented by the normal northern Louisiana section, 
thickened a little from Caddo and Cotton Valley, owing to its position 
farther from the shores of the Glen Rose embayment. Wells drilled on 
top of the dome, however, found the section much reduced by faulting, 
later erosion, and possibly even by interrupted deposition. The term 
“Glen Rose’’ as here used is restricted to the upper calcareous beds of 
Trinity age, which, from their fossils, may be correlated with the Glen 
Rose of Texas. The middle series of red shales and sands and the lower 
calcareous measures encountered in the Humble Oil and Refining Com- 
pany’s Bliss and Wetherbee No. 30 are given only descriptive terms until 
their exact correlation has been definitely established. 

The Glen Rose of Louisiana may be divided into three parts: an upper 
lime and clay series with a few red beds totaling normally 600 feet or 
more but thinning to nothing on top of the Bellevue dome; a central 
anhydrite series, broken with beds of limestone and dark gray shale, 
about soo feet thick; and a lower lime and shale section ranging from 
1,000 to more than 1,100 feet in thickness, and containing two pisolitic 
zones: one comprising the upper 300 feet of the section and the other 
in the lower 200 feet. The Glen Rose, as here defined, is correlated by 
Miss A. C. Ellisor with both the DeQueen and Dierks limestones and 
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GEOLOGICAL FORMATIONS AT BELLEVUE 


Thickness 


Series Group and Formation arn eae Lithology 
Recent 3 Gray sand, silty sand, and clay 
Piicion ens Citronelle 80 Red clay and sand with white 
lime nodules 
Sparta 400+? Gray sand with chocolate clay and 
sand lignite. Some ferruginous sand- 
y stone 
Claiborne — 
group Cane 100 Glauconitic sand and clay with 
River ferruginous concretions contain- 
clay ing some fossil casts. Weathers 
Eocene usd deep red 
Wilcox formation 500 Cross-bedded gray sand; sandy 
clay; chocolate clay, and lignite. 
Boulders of calcareous sandstone 
Midway clay 590 Blue to black clay with siderite con- 
cretions. Clay is brittle near base, 
and basal 35 feet is calcareous 
Arkadelphia clay 40 Gray calcareous clay and lime. 
Very fossiliferous 
Nacatoch sand 325 Calcareous sandstone and lime- 
stone, streaks of shale. Basal 
part consists of calcareous shale 
Saratoga chalk White fossiliferous chalk 
Marlbrook clay 333 Gray calcareous marl and chalk 
Annona chalk White, poorly fossiliferous chalk 
Upper : = 
Pretarants Ozan formation 200 Se ce a calcareous slightly 
Buckrange sand 75 Glauconitic sand equivalent to the 
so-called ‘‘Blossom”’ 
Brownstown clay 200 Gray and blue calcareous fossilif- 
erous clay 
Tokio formation Clay, sand, and volcanic ash 
Eagle Ford clay Red and gray clay; soft and hard 
lime. Missing in part on top of 
400 the dome 


Woodbine sand 


Coarse mealy sand with white kao- 
linitic cement. Some redand gray 
clay. Missing on top of dome 
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TABLE JI—Continued 


Thickness 


sn eee Lithology 


Series Group and Formation 


Glen Rose formation |1,850-2,250| Upper Glen Rose lime and clay, 
200-600 feet. Glen Rose anhy- 
drite, 500 feet. Lower Glen Rose 
lime and clay, 1,150 feet 


Lower 
Cretaceous] Red-bed series Qo Pink, red, and brown clay and 
gray and red sand 
Trinity sands 1,072 White and red sand and sandstone 
Lower Creta-| Lower clay and lime 330 Dark gray calcareous shale; clayey 
ceous or and sandy fossiliferous lime 
Upper 
Jurassic 


the intervening sand and red bed section on the surface in Sevier, Howard, 
and Pike counties, Arkansas, which, however, is only from 125 to 200 feet 
thick. The 500 feet of anhydrite in northern Louisiana has dwindled to 
less than 20 feet of gypsum at the outcrop, 100 miles to the north. 

The type Glen Rose fossils, Glauconia branneri and Ostrea franklini, 
occut both at the outcrop and in northern Louisiana. Typical Glen Rose 
Milolidae occur throughout the DeQueen of Arkansas and the Louisiana 
Glen Rose; but the type Orbitolina texana does not occur on the surface 
in Arkansas, although it does occur in the Louisiana Glen Rose, especially 
in, or close to, the anhydrite section. On the outcrop in Arkansas odlites 
are found in the DeQueen limestone. 

According to Miss Ellisor' several characteristic Dierks ostracods 
occur in the Humble Oil and Refining Company’s Bliss and Wetherbee 
No. 30, from approximately 2,800 to 2,911 feet, near the base of the Glen 
Rose limestone. This zone is also pisolitic and corresponds with the Dillon 
pisolitic oil-producing zone near 3,700 feet at Pine Island, in Caddo Parish, 
Louisiana. The intervening beds of sand and shale on the surface in 
Arkansas have become more shaly and limy, basinward in northern 
Louisiana. The red beds in the Bliss and Wetherbee No. 30, from 2,911 
to 4,972 feet, are therefore older than the Arkansas Dierks; and the lower 
lime and shale series in this well from 4,972 feet to its total depth of 5,302 
feet is older than anything on the outcrop in Arkansas. 

Some of this lower material from 5,260-61 feet was sent to J. J. Gallo- 
way, who very kindly made the following determination: 


‘ Unpublished reports. 
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Depth, 5,260-61 feet. Foraminifera, mostly pyritized; some distorted but 
generically recognizable. 

Polymorphina (Guttulina) sp. Well preserved. This genus occurs from Ju- 
rassic to Recent. It does not occur in the Paleozoic. 5 specimens. 

Holophragmium aff. aequolis (Roemer). 10 specimens. Cretaceous, not in 
the Paleozoic. 

Hoplaphragmoides sp. 10 specimens. Arenaceous with little calcareous 
cement. Like Mesozoic, but not like Paleozoic forms. 

Gastropoda and Ostracoda. This fauna is definitely Mesozoic and can not 
be Paleozoic. It is either Lower Cretaceous or Jurassic—more probably Lower 
Cretaceous. 


This determination seems to be in accord with the structural evidence as 
the last 330 feet does not seem faulted or disturbed differently from the 
beds above that have been definitely called Cretaceous; and the limy 
shales of Cretaceous age at 4,882 feet have evidently graded into these 
lower beds and are of somewhat the same lithologic character. 

The faulted Glen Rose section and the succeeding 2,391 feet of Trinity 
or older beds in the Bliss and Wetherbee No. 30 were thoroughly cored, so 
that a rather complete section (Table II) is appended, from the reports of 
Miss A. C. Ellisor and F. W. Rolshausen. 

In the section shown in Table II the Glen Rose division of the Trinity 
group was represented from 1,853 feet, where the first Mz/iolidae were 
found, to 2,909 feet, where a red shale and sandstone series began, of 
non-marine, or at least brackish-water, origin and not included in the 
present paper within the Glen Rose. These lower Trinity red beds have 
a total thickness of 992 feet in the Bellevue section and are succeeded by 
1,072 feet of red and white sands, still less marine in their character, which 
have been temporarily designated in this paper as the Trinity sands. 
Finally, the last 330 feet of the Bliss and Wetherbee well is decidedly 
marine. The fauna in this series suggests strongly that it is of Lower 
Cretaceous age although it does not occur in any of the Trinity formations 
known elsewhere in Louisiana. It is probable that these beds are the older 
and more basinward deposits of the Lower Cretaceous sea and may be 
related to the pre-Trinity beds of northeastern Mexico. 


UPPER CRETACEOUS SERIES 

W oodbine formation.—The Woodbine is not encountered on top of the 
dome but begins from 1 to 2 miles out and gradually thickens in all direc- 
tions until in the Carterville area, 22 miles north of Bellevue, it is a pro- 


«The Woodbine sand as noted in wells in northern Louisiana (Triangle Drilling 
Company’s Keen No. 1, Sec. 7, T. 19 N., R. 5 W., Claiborne Parish; Arcadia Syndicate’s 
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TABLE II 


Résumé oF Loc oF HuMBLE OI AND REFINING COMPANY’S 
Biss AND WETHERBEE NO. 30 


LOWER CRETACEOUS SECTION 


+ 


Principal Characteristics of Beds Depth in Feet Tpke : 
Anhydrite Missing 500 
Oélitic lime and gray shale Missing 50-100 
White Miliolidae limestone and gray to green clay 1,853-1,978 125 
Black lime concretions 1,958-78 20 
Brownish-gray pisolitic and odlitic limestone 1,978-94 16 
Miliolidae and Ostracoda 
Gray limestone I,994-2,071 yk 
Miliolidae and Ostracoda 
Oolitic and pisolitic dark gray crystalline limestone, also 2,071—-2, 208 37 
tan-colored limestone; sandy lime with lignitic shreds 
and shale and sandstone lenses 
Ostracoda 
Shell breccia with medium gray lime matrix 2, 208-32 24 
Serpula 
Tan and gray crystalline limestone 2, 232-40 8 
Serpula 
Medium-textured calcareous sandstone 2, 240-86 46 
Light gray and crystalline limestone 22502 sty, 31 
Serpula 
Gray to greenish calcareous clay and soft gray lime SLi —OF 5° 
Serpula 
Gray to greenish-gray hard lime with streaks of gray and 2,367-2,650 292 
greenish calcareous clay 
Ostracoda, Foraminifera, and Serpula 
Dull brown shaly calcareous clay with some fine-textured 2,659-2,858 202 
sandstone; gray and brownish-gray crystalline lime- 
stone and soft gray lime 
Ostracoda, Serpula to 2,713 feet, and large fossils, but no 
Foraminifera 
Gray, pisolitic limestone 2,858-64 6 
Ostracoda (Dierks) 
Gray limestone and gray and brown calcareous clay 2,864-2,911 47 


Ostracoda (Dierks) 
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TABLE II—Continued 


Thickness 


Principal Characteristics of Bed i : 
Dp eds Depth in Feet ae Tara 


Greenish-gray to brown non-calcareous fine-textured 2,QII-3,900 990 
sandstone with siderite cement; light chocolate-colored 
micaceous shale; and dull brick-red shale (bentonitic 
clay from 2,921 to 2,961 and from 3,373 to 3,490) 

Fossils consist of Ostracoda, Chara seeds and a few shells 
down to 3,089 only 


White, fine- to medium-grained, non-calcareous sand- 3,900-4,972 1,072 
stone for the most part, with a few thin layers of dark 
brown calcareous sandy clay; some non-calcareous 
sandy clay and dark red clay and sandstone in sub- 
ordinate amounts 


Dark gray, brittle, slightly calcareous shale; hard fossilif- 
erous clayey and sandy lime 4972-5 , 302 330 
(Foraminifera and Ostracoda which have been identified 
as either Lower Cretaceous or possibly Jurassic in age) Total depth 


ducing horizon. However, it again thins and disappears on the Sabine 
uplift at the west. It consists of a coarse-grained sand with numerous 
fragments and pebbles of volcanic rock and tuff, cemented with white 
arkosic clay. Beds of non-calcareous gray and red clay and lenses of fine- 
grained gray sand occur through the formation. 

Eagle Ford clay.—The Eagle Ford clay here is medium gray calcareous 
shale with streaks of micaceous sandy shale; dark gray non-calcareous 
shale; and some red shale. In the Bliss and Wetherbee No. 30, on top of 
the dome, only beds of definite upper Eagle Ford clay have been recog- 
nized by Miss Ellisor. Although no large Eagle Ford fossils have been 
found in this well, these clays contain the typical Foraminifera found in 
the upper part of the Eagle Ford in Texas. 


McGuire No. r, Sec. 30, T. 18 N., R. 5 W., Bienville Parish; and others) has been recog- 
nized by Miss A. C. Ellisor to be lithologically similar to the Woodbine sand found in 
wells in eastern Texas. The basis for this correlation is a green sand near the center of 
the formation, composed largely of glauconite of distinctive color and texture and lying 
below shales containing Eagle Ford fossils. In addition the Louisiana Woodbine has 
been identified as having the same distinct mineral and textural characteristics of the 
sand occurring along the outcrop zone in southwestern Arkansas recognized by Dane 
(“Oil-Bearing Formations of Southwestern Arkansas,” U.S. Geol. Survey Press Notice 
8823 [1926]) as Woodbine and correlated with the Woodbine of northern Texas. This 
distinctive lithology has not been noticed in the Lower Cretaceous. The true Woodbine 
sand therefore is known to occur on the west, north, and east sides of the Sabine uplift, 
evidently feathering out in the direction of the uplift, possibly because that area was 
exposed to erosion during Woodbine time. 
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Tokio formation.—The Tokio consists of dark gray slightly sandy and 
micaceous calcareous shale. Fine-grained glauconite also occurs. Fossils 
are relatively few. 

Brownstown clay—The Brownstown formation is dark gray cal- 
careous shale with streaks of fine- to medium-grained sand with a little 
glauconite. It contains a prolific micro-fauna. 

Buckrange sand—The Buckrange is a greenish-gray to green, 
medium- to fine-textured sand and calcareous clay with fine-grained 
glauconite and some coarse, flinty grains and pebbles. The sand is 
fossiliferous. 

TABLE Ii 
TyprcAL NACATOCH SAND RECORD 


STANDARD OIL COMPANY’S WYCHE NO. 3, 
SERIA OmNE Rae Wy 


Description of Formation Depth in Feet 
Sandysstreaks ofslime;eee se eee eee ee 330-33 
SOL tesa ind Repeats ets oye oe ae et a eee Ne ee eee 233585 
Sanden darocks showy inc1Oi leer 338-40 
SLING! AAG! GUS OU MNINE, ba Suse cu oe h ease: 340-66 
Sa Cite tome. 0 a Sctentay, er wes Rees, 208 And es. ee 366-69 
‘Wihiteisand!s5 tect et eos Creer eer 369-80 
Gumib Occ sck.s oe MO ERR Een HEL ee 380-85 
SelM sR At cco ee ee TR eReY ah atc) cami, ee 385-92 
Sad TOK’, na 7S aaa ene ee cya ae ae 392-08 
Sands. 2: am Pea bestae: Meet at ne eee, ta ee 398-400 


Ozan formation.—The Ozan formation consists of dark gray micaceous 
calcareous clay and sandy clay. It contains chalky streaks near the top 
and some hard sandy boulders with a fauna quite distinct from the 
Brownstown clay below. 

Annona chalk.—The Annona is light gray to white massive chalk 
with a sparse fauna. It is irregular in thickness, and locally it becomes 
more clayey or more chalky. 

Marlbrook marl.—The Marlbrook is dark gray, highly fossiliferous 
marl. 

Saratoga chalk.—The Saratoga chalk, although poorly developed here, 
is light gray sandy marl or impure chalk containing fossils. 

Nacatoch sand.—The Nacatoch sand is the producing formation at 
Bellevue. It is a calcareous, medium-grained sand and sandstone series 
varying within short distances from pure sand to very sandy lime. In 
places the lime is very porous, thus accounting for the irregularity of the 


BELLEVUE OIL FIELD, LOUISIANA 241 


production in different wells. Ordinarily several hard streaks or caps are 
encountered, and breaks of shale or gumbo occur in the lower part. 

Arkadelphia clay—The Arkadelphia is a calcareous clay or gumbo 
ranging to a soft white fossiliferous lime, lying immediately above the 
Nacatoch sand. Its thickness on the dome is approximately only 4o feet, 
showing a considerable thinning from the 200 feet encountered in south- 
ern Arkansas. 

EOCENE SERIES 

Midway formation.—The Midway is not exposed at Bellevue, owing 
to a later covering of Quaternary and Recent sand and clay. In the wells 
on or near the dome, its thickness ranges from 240 to 590 feet. It is dark 
blue non-calcareous clay with siderite boulders and about 30 feet of 
gray fossiliferous calcareous clay at the base. The calcareous Midway, 
except that it is slightly more gritty, is hardly distinguishable lithologi- 
cally from certain phases of the Arkadelphia. At the base of the Midway 
some sand and a few phosphate nodules occur. 

Wilcox formation.—The Wilcox formation in this area consists of 
gray and chocolate clay and highly cross-bedded sand and sandy clay 
with beds of lignite ranging from a few inches to 6 feet in thickness. 
Typical gray, sandy calcareous boulders occur in the Wilcox, particularly 
along Bodcaw Bayou. The contact between the Wilcox and the Clai- 
borne may be seen in the Fillmore-Princeton road 0.7 mile south of 
Princeton. A section of the cross-bedded Wilcox sand from the base of 
the Cane River is well exposed on the road leading down to the Bodcaw 
Bayou bridge 13 miles northwest of Bellevue. A boulder horizon occurs 
along the east side of the bayou above the bridge about 50 feet below 
the top of the Wilcox. The boulders extend down the bayou for 5 miles 
below the bridge. 

Cane River clay.—The Cane River clay, the basal Claiborne member, 
is well exposed along the Shreveport-Minden road from Red Point, 2 
miles west of Fillmore, to Brushy Creek, a mile east of Fillmore. The 
Cane River here is a glauconitic sandy clay with few large fossils and no 
Foraminifera. From Fillmore northward for a mile along the Bellevue 
road the Cane River consists of dark clay with beds of limonitic concre- 
tions having small fossil casts. Exposures of the base of the Cane River, 
where a dark glauconitic boulder zone is found, may be seen in the 
Louisiana and Arkansas Railroad cut 0.3 mile west of the Fillmore- 
Bellevue road; at Bellevue; and a mile northwest of Bellevue on the road 
leading to Bodcaw Bayou. 

In the north half of the NE. 1, Sec. 2, T. 20 N., R. 11 W., on the west 
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side of the Jenkins farm, in a gully behind the house, fossiliferous, gray- 
green, somewhat glauconitic upper Cane River clay occurs just below the 
Sparta sand. Venericardia, Ostrea, and other common Eocene genera 
occur here, but no Foraminifera have been observed. 

Sparta sand.—In the vicinity of the Bellevue field the Sparta sand is 
well exposed at two localities. The best exposure is in a hill on the Jenkins 
farm in the NW. 4, NE. 4, Sec. 28, T. 20 N., R. 11 W., where approxi- 
mately 60 feet of heavy, gray sand with dark brown sandstone fragments 
is in contact with the upper, gray-green, fossiliferous clay of the Cane 
River. On a high hill about a mile southwest of Fillmore in Sec. 14, T. 
18 N., R. 11 W., the Sparta sand is 60 feet in thickness. Some brown 
sandstone and limonitic concretionary beds also occur through this sand. 


PLEISTOCENE SERIES 


Beds of Pleistocene age, sometimes referred to as the Port Hudson, 
attain a thickness of about 60 feet on the Bellevue dome. These beds 
consist of fluvio-estuarine deposits generally occurring on terraces or 
forming the bottoms along the rivers and larger creeks of the present 
drainage. At Bellevue, Midway clay on the dome had already been 
eroded, probably during the Pliocene, so that a basin existed whose level 
was about the same as that of the Pleistocene estuaries. Borings made 
near the northwest corner of Sec. 14, T. 19 N., R. 11 W., show the series 
to consist of red clay with thin red and gray sand lenses and irregularly 
shaped lime nodules. 

RECENT 

A veneer of gray silty clay and sand ranging in thickness from 1 foot 
to 3 feet was recently deposited over most of the Bellevue area, conceal- 
ing the red Pleistocene formation. 


STRUCTURE 


Bellevue consists of a broad dome having a closure of 830 feet on top 
of the Nacatoch sand, which is found at the apex of the dome as shallow 
as 280 feet below the surface. Eastward from the top of the dome there 
is a long slope for 9 miles, until the Nacatoch is found deeper than 2,100 
feet in Sec. 31, T. 20 N., R. 9 W. Toward the north a slope of 12 miles 
places the depth of the Nacatoch at 1,800 feet in Sec. 4, T. rg N., R. 11 W., 
and toward the south, in Sec. 11, T. 18 N., R. rr W., at a distance of 53 
miles from the top of the dome, the Nacatoch is 1,300 feet deep. On the 
west side a saddle connects the dome with the Sabine uplift, so that the 
smallest closure is found there. The broad, gently sloping character of 
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the dome, so clearly shown, when drawn to scale, as is the accompanying 
cross section, suggests that intrusive salt cannot explain its origin. 

The main oil pool covers about 700 acres on the top of the dome, and 
three other oil and gas pools of much smaller extent lie farther down the 
flanks. The productive closure of the main pool is 120 feet, but there is 
much less closure on the smaller pools. 

Several faults cut the Nacatoch sand and the Upper Cretaceous series. 
The main pool is limited on the north by a 20-foot fault extending south- 
east and northwest; and on the center of the east side of this pool two 
small faults having a throw ranging from 50 to 75 feet extend southwest. 
Another fault with a maximum throw of 110 feet limits the main pool on 
the south. This fault also extends generally southwestward. 

The south pool, which covers only about 100 acres at the intersection 
of Secs. 22, 23, 26,and 27, T. 19 N., R. 11 W., is limited on the north by a 
northeast-southwest fault having a throw of too feet. It is this fault 
whose southwest end is expressed on the surface by the downthrown block 
of Cane River along the road near Princeton. Two other faults north of 
this fault form a graben area. The east end of this graben is very narrow 
and is therefore mapped as a unit separate from the much wider graben 
at the west end. The throw at the east end is also much greater, for it 
evidently exceeds 250 feet. 

It is believed that a small graben exists near the northeast corner of 
Section 23. Other faults affecting the Upper Cretaceous will probably be 
revealed by further development. The arrangement of these faults on the 
dome and their character suggests that they have probably been produced 
by tensional stresses caused by doming of the Upper Cretaceous strata, 
and were therefore formed coincident with the doming. 

The faulting in the Lower Cretaceous is of a different character and 
quite distinct from that in the Upper Cretaceous. It was probably caused 
by impact of possibly deep-seated igneous material which produced a 
wedge-shaped block or horst much as wedge-shaped fragments of glass 
are produced when a glass plate is struck by a blow from a hammer, the 
wedges originating at the point of impact. 

One boundary of this horst possibly extends northwest and southeast 
near the northeast corner of Section 28, and another boundary may have 
passed through Section 11. This block was pushed up about 800 feet with 
respect to the low sides and base-leveled; probably the erosion was coin- 
cident with the uplift. Because of this uplift, the Standard Oil Company’s 
Kendricks No. B-1, Humble Oil and Refining Company’s Bliss and 
Weatherbee No. 30, and the Standard Oil Company’s Wyche No, 2 pass 
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iy from Upper Cretaceous Eagle 
i ae Ford beds into the Trinity at 
a point about 1,200 feet below 
the top of the complete Glen 
Rose section. This relation 
may be seen in Figure 3. The 
two wells on the west side 
of the horst, Standard Oil 
Company’s Moorey No. 1 in 
pec, 285-T sno Nika 
and The Texas Company’s 
Scanland No. 1 in Sec. 29, T. 
19 N., R. 11 W., both encoun- 
tered the upper measures of 
the Glen Rose, including the 
anhydrite and from 200 to 
600 feet of Trinity beds over- 
lying the anhydrite. On the 
east side of Bellevue the 
Standard Oil Company’s Mc- 
Leod No. 1 in Sec. 13, T. 19 
N., R. 11 W., seems to be on 
the low side of the horst, 
since the lower Glen Rose 
was not encountered at 2,219 
feet, its total depth. Fossils 
from 2,199 to 2,201 feet 
identified by Miss Ellisor as 
Eagle Ford occur 1,613 feet 
below the top of the Naca- 
toch, whereas in Bliss and 
Wetherbee No. 30 the maxi- 
mum interval between the 
Nacatoch and the Eagle Ford 
is 1,508 feet. The log of the 
McLeod well shows  odlitic 
limestone at 2,197 feet and 
— uae 2,206 feet; but in the cores 
SS from 2,197 to 2,201 feet, 
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Fic. 3.—Generalized geologic section A-A’ through Bellevue dome (Fig. 1). The two lower faults are hypothetical.—S. P. 
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examined by Miss Ellisor, no odlites were found, although lime con- 
cretions were noticed. 


RELATION BETWEEN PRODUCTION AND STRUCTURE 


At Bellevue, production rather strikingly conforms to structure. In 
the main, or north pool, the original water level was about 190 feet below 
sea. When a well reached this point, either on account of the dip of the 
dome or by faulting, it was a failure. In the lower pool the water level 
ranged from 100 to 140 feet below sea, due probably to the irregular 
porosity of the producing zone. The Nacatoch sand at Bellevue is very 
limy in many places and in some wells the porous character of the lime 
rather than the sand was responsible for the large production. The large 
production of such wells as the Humble Oil and Refining Company’s 
Bliss and Wetherbee No. 2, and the Gulf Refining Company’s Bliss and 
Wetherbee No. 8, which made initially from 8,000 to 10,000 barrels of 
fluid, more than half of which was oil, was due to locally porous lenses of 
lime within the more sandy section. About eight gas wells have been 
drilled in the area between the two pools. These gas wells have different 
sub-sea depths, some of them approximately 200 feet, so that we must ex- 
plain them by local accumulations in porous lenses sealed off from the 
main producing body. 

A glance at the structural map shows the striking effect of faulting 
on the producing areas at Bellevue. Both pools are sharply cut off by 
faults, and the general appearance suggests that the oil has come up 
through the faults from a deep source and spread out into the Nacatoch 
sand, forming our present commercial pools. Although the boundaries 
of the Lower Cretaceous horst are not exactly known, because only a few 
wells have been drilled on or near it, the Nacatoch production seems to 
be restricted to the area lying above the horst. For this reason and be- 
cause of the fact that much lower beds could be penetrated at this loca- 
tion, a site on the horst was selected for the joint test of the structure. 
Although the complete Trinity section was not drilled through in this 
well, only showings and saturated cores were found below the Nacatoch, 
so that whatever oil may have originally occupied the lower beds on the 
horst evidently passed upward into the Nacatoch or into some of the 
lower beds on the low sides of the block. 

It is felt that the chances for production in the more complete Trinity 
section to be encountered on the sides of the horst are exceptionally good 
at Bellevue, since closures must exist in the flanking beds on all sides of 
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the horst, although the productive area may consist of narrow strips 
lying along the Lower Cretaceous faults. 


GEOLOGIC HISTORY 


Bellevue was evidently a structurally high area in fairly remote 
geologic time. After the deposition of a Lower Cretaceous section that 
was slightly thicker than that deposited a few miles north at Cotton Valley 
or at Pine Island, probably because of the deepening of the basin south- 
ward, uplift began in the Bellevue area and caused the complete removal 
of the Fredericksburg beds and erosion of at least 400 feet of upper Glen 
Rose on the top and upper flanks of the dome, since this is the difference 
in the thickness of the upper Glen Rose section in the Standard Oil 
Company’s Moorey No. 1, near the top of the dome in Sec. 28, T. 19 N., 
R. 11 W., and The Texas Company’s Scanland No. 1, in Sec. 29, T. 19 
N., R. 11 W., farther down the side of the dome. Then a narrow block 
was thrust up, probably by deep-seated igneous activity, 800 feet relative 
to the flanking and already domed strata. The evidence indicates that 
this uplift was caused by faulting rather than by doming, since the three 
wells that have directly penetrated this block—the Humble Oil and Re- 
fining Company’s Bliss and Wetherbee No. 30, and the Standard Oil Com- 
pany’s Kendricks No. B-1 and Wyche No. 2—have evidently touched the 
Glen Rose at horizons within 200 feet of each other, a coincidence that 
could scarcely have happened if the uplift had been caused by doming. We 
cannot assign a more definite age to this faulting than that it was post- 
Lower Cretaceous and pre-Eagle Ford. Perhaps it was coincident with 
the igneous activity that produced the intrusions and plugs of south- 
central Arkansas; the uplift, dikes, and extrusive deposits of the Monroe- 
Richland area of northeast Louisiana; and the sharp doming at Pine 
Island in Caddo Parish and elsewhere in northern Louisiana, all of which 
are regarded by some as having occurred following the close of Lower 
Cretaceous deposition. 

The gentle contour of the dome in cross section minimizes the pos- 
sibility of uplift by salt, for the action of salt produces almost straight 
sides. The dome is distinct from the Sabine uplift, and its sharpness and 
uniformity strongly suggest an igneous origin. Since igneous plugs are 
numerous in southern Arkansas, it is natural to associate the origin 
of Bellevue with igneous activity; other explanations seem much more 
illogical. 

During this time the uplift of the horst proceeded as a definite unit 
distinct from any doming movement that may have affected the area, and 
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at a faster rate than the doming, since the upper Glen Rose beds are so 
sharply cut off at the edge of the horst. Of course, uplift and erosion 
may have begun in Glen Rose time and gone on simultaneously here 
until early Upper Cretaceous time, while deposits of Fredericksburg age 
were being deposited out from the dome and while Washita deposits were 
being laid down still farther off along the Texas-Louisiana line. The area 
was not completely reduced to sea-level prior to the deposition of the 
Woodbine sand, since that formation is missing over the center of the 
dome, or else further uplift in Upper Cretaceous time caused its removal. 
The submergence that attended the beginning of Eagle Ford time evi- 
dently did not affect the dome early enough to permit lower Eagle Ford 
deposition; but finally, during the later part of that time, erosion, or 
settling back of the area into the Eagle Ford sea, permitted the deposition 
of late Eagle Ford shales. 

The remaining formations of the Upper Cretaceous series were then 
deposited in a normal manner, although a certain amount of doming 
continued through the entire period and well into Tertiary time. The 
final doming movement with attendant faulting, that is largely responsible 
for the structure in the Nacatoch there to-day, occurred possibly during 
the Miocene, since we infer that the dome was structurally complete prior 
to the deposition of the Pleistocene sand and clay, for these deposits must 
have been laid down in the circular basin over the center of the dome made 
possible by the easier erosion of the Midway clay, which of course did not 
appear at the surface until after the uplift. The fact that the Arkadelphia, 
Midway, Wilcox, and Claiborne are possibly slightly thinner on the dome 
and on the flanks of the dome than they are farther off, indicates the pro- 
gressive character of the uplifting movement. 

During Pleistocene time Bellevue was a shallow arm of the broader 
estuarine sea, almost surrounded by land. Still later, during Recent time, 
shallow water again invaded the area, accounting for the veneer of gray 
sand. This gray sand is even now being raised into small domes or 
“pimples” by rising ground water, and is the only formation on which 
these domes, still unaffected by erosion, have been found. 


DEEPER PRODUCTION POSSIBILITIES 


The Buckrange sand (‘‘Blossom’’) in Roy’s Pease No. 3, Sec. 25, . 
19 N., R. 12 W., showed oil. In the south pool, the average daily produc- 
tion of three wells was 7} barrels of oil from the Buckrange at 1,030 feet, 
and some gas was produced from this horizon by the Standard’s Kendrick 
No. A-r. Cores from 1,120 to 1,257 feet in the Humble Oil and Refining 
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Company’s Bliss and Wetherbee No. 30 were partially saturated with oil, 
but several Halliburton tests showed only a handful. In this well the sand 
was poor, but wells farther down the flanks show much better sand condi- 
tions. 

The best showing encountered from the Woodbine was in Roy’s 
Smith No. 1, Sec. 7, T. 19 N., R. 11 W., at 2,173 feet. This well pumped 
12 barrels of 38.2° Bé. oilin one day. On the top of the dome the Woodbine 
is missing, for in Bliss and Wetherbee No. 30 the lower Glen Rose is en- 
countered directly beneath beds of upper Eagle Ford age, according to 
determinations made by Miss Ellisor. 

The Standard Oil Company’s Moorey No. 1 in Sec. 28, T. 19 N., 
R. rr W., had about 10,000,000 cubic feet of gas at 2,622 feet, or about 
270 feet below the top of the Glen Rose anhydrite. This well is making a 
little green, light oil through the casing head. The Glen Rose beds below 
the anhydrite in the Bliss and Wetherbee No. 30, consisting mostly of 
pisolitic and odlitic lime and porous crystalline lime, were partially satu- 
rated with oil of varying degrees of gravity from a point about 200 feet 
below where the base of the anhydrite should be (1,978 feet) to 1,200 feet 
below the anhydrite (2,910 feet). The red bed and sand series in this 
well were rarely petroliferous. Horizons with light oil saturation were 
encountered at 1,600 feet below the base of the anhydrite, or at a depth 
of 3,540 feet. Numerous Halliburton and Johnston tests were made of 
these showings, but only small quantities of oil were recovered. If the 
lower 330 feet in the Bliss and Wetherbee No. 30 is Lower Cretaceous, as 
the fossils suggest, then the possibility of production from basal Cre- 
taceous sands is still present, although the depth to these sands is evi- 
dently so great that only very large wells in them would be pes 
under the present economic conditions. 

The question of deep production at Bellevue is therefore still un- 
answered. The Bliss and Wetherbee No. 30, although finding no com- 
mercial oil in the “Blossom” or Trinity, has far from condemned the 
deep possibilities of the dome; rather it has improved the prospects, 
since it revealed more than 500 feet of shales and limes below the lower 
red-bed series which had not been generally expected from previous 
drilling in northern Louisiana. Very little drilling has been done on the 
flanks of the dome to test the “Blossom,” Woodbine, and upper Glen 
Rose possibilities, which were found encouraging in several wells. The 
flanks afford the greatest possibilities, since these horizons are missing 
or have thinned on top of the dome. 

Excellent possibilities for production exist in the porous Glen Rose 
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zones below the anhydrite in the closed areas lying against the horst on 
the downthrown sides. The three deep wells drilled on top of the horst 
also show enough variation in depth to the odlitic zones to indicate 
that closed structural conditions also exist on the horst, and that ulti- 
mately production may be obtained in some lower sands there, although 
flank Trinity production seems now more likely. 


THE BELLEVUE OIL 


The oil produced at Bellevue from the Nacatoch, which constitutes 
practically the entire commercial production, has a gravity of 19.3° Bé. 
and contains a large amount of lubricating oil and little gasoline. 

The analysis (Table IV) of the crude from the discovery well, Roy’s 
Railroad Lands No. 7, was made by the Humble Oil and Refining Com- 


pany. 
TABLE IV 


ANALYSIS OF BELLEVUE CRUDE FROM NACATOCH SAND 


Constituent Percentage | te Guaviy 
(Gasoline sawn were rie: fa creda: 2.5 63.6 
Nap bhatt tect oct i cseora rss he to 2.5 54.2 
ISCTOSCM Oe eR eerste Dic ee gaa Tas 43.3 
(Gastoile repens sie exon tee tam 12.5 Bae 
Spindleroilaeererrr eee. han ge 30.0 27.2 
Wubmca bingy Olleerse yin cree 38.0 21.3 
WOSStaNGnCOKG tr Rarer nt ar eters ONG?) dweller rain. centmia’ om 


Three wells at Bellevue produced small quantities of a lighter oil from 
the Buckrange (‘“Blossom’’) sand, at a depth of about 1,030 feet, in Sec- 
tions 22 and 23. R. O. Roy’s Smith No. 1, Sec. 7, T. 19 N., R. 11 W., pro- 
duced about ro barrels daily of a still lighter oil (an analysis of which is 
shown in Table V) from the Woodbine sand at a depth of 2,173 feet. 

TABLE V 
ANALYSIS OF WooDBINE Ott From R. O. Roy’s SmitH No. 1 
Gravity of the Crude, 38.2° Bé. Color, Black 


Constituent Percentage | p P Gravity 
(Gasolinen cry waite: 5 tore eti-s unter seas 34 59.2 
IKETOSENE teste cotinue cee EuK cic earns 22 44.1 
Bite leoile egret rec ya eta ty al ncctovens 43 19.5 


From around the plug in the Moorey well in Section 28, a light, 
green oil is reported to be oozing in small quantities. No analysis of this 
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oil is available, but it is likely that it may be associated with the gas- 
producing horizon, in the Glen Rose anhydrite, encountered in this well. 


PRODUCTION 


From the discovery, production in many of the wells at Bellevue was 
accompanied by large amounts of water and sediment. The largest wells 
ordinarily had 60 per cent or more water in their fluid content. The oil 
was also very foamy, so that the production appeared to be several times 
larger than it actually was. In some wells and on some leases, particularly 
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Fic. 4.—Production curve, Bellevue field. 
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R. L. Autrey’s Elston lease and the Louisiana Oil Refining Corporation’s 
Bodcaw Fee lease in Section 14, there was very little water at any time. 
Elsewhere, individual wells, surrounded by wells making large amounts 
of water, showed little or no water. This irregular condition was due to 
the irregular sand-and-lime content of the producing horizon; evidently 
small bodies of sand were sealed off from the rest of the reservoir by ir- 
regular cementation. After production had dropped off, it was found 
that by deepening some of the wells from 10 to so feet the net production 
could be increased, since lower porous oil-bearing lenses occurred irregu- 
larly distributed through the main body of sand. 

During the last few years a rather extraordinary condition has been 
observed at Bellevue. The fluid has been decreasing: instead of raising 
10,000 barrels of fluid to produce 300 or 400 barrels of oil, the wells have 
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dropped 50 or 75 per cent in fluid production, and some wells almost 
entirely, the oil content of course also decreasing. The periodic variation 
in the amount of fluid and in the oil content is also a peculiarity of the 
field (Fig. 4). The normal production of a lease would increase from 10 to 
30 per cent for several days and then drop back to the old level or below 
it. Periodic increases in the water content of the production also occurred. 


TABLE VI 


WATER ANALYSES OF BELLEVUE WATER ZONES 


CHEMICAL CONSTITUENTS 
IN PARTS PER MILLION 
WELL pees FORMATION 
- Sulph 
Chlorine | ‘Trioxide 
Roy’s Bliss and Wetherbee No. 3. 80 | Pleistocene sand 38 
Humble Oil and Refining Co’s 
Bliss and Wetherbee No. 13... 360 Nacatoch sand 15,000 Trace 
Humble Oil and Refining Co’s 
Bliss and Wetherbee No. 30*..}| 1,979-94| Glen Rose 30, 600 1,875 
1,994 32,140 
Bliss and Wetherbee No. 30..... 2,091 Limestone 8,400 306 
Bliss and Wetherbee No. 30..... 2,153 19,500 1,075 
Bliss and Wetherbee No. 30..... Phe, 21,920 618 


* Similar to water from the 4,200-foot gas horizon at Cotton Valley and not as salty as that from the 
3,600-foot Pine Island oil zone. 


FUTURE PRODUCTION 


Bellevue at present (April 1, 1928) is producing 1,120 barrels from 
302 wells, or an average per well of 3.7 barrels." Many of these wells are 
approaching their economic limit, but Nacatoch production at Bellevue 
should continue for 8 more years. Decline curves drawn for the field 
indicate that an additional 1,500,000 barrels, with the present production 
methods, will be obtained, making a total production for the field of 
10,000,000 barrels or an ultimate acre-yield of 12,200 barrels. 


PRODUCTION AND DRILLING METHODS AND COSTS 


Most of the wells at Bellevue were drilled with small portable cable- 
tool rigs or spudders, although some have been drilled with rotary rigs. 


« Subsequent note. On May 4, 1929, the field produced 670 barrels from 240 wells, 
or an average per well of 3.17 barrels. 
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The wells are pumped from central power plants, or by individual pumping 
units when the amount of fluid to be handled is excessive. Rod lines from 
standard units are extended to pumping jacks at some wells. 

TABLE VII 


‘ 
ACRE-YIELD OF LOUISIANA-ARKANSAS FIELDS 
TO JANUARY I, 1928 


ield Productive | Acre-Yield 
1€ Acres | (in Barrels) 


Northern Louisiana 


Bellevue. Angora 820 10, 360 
OI etay, Catem ee ea en eh ee 2, 500 22,454 
Haynesvilleny 1 ee teeter tee 7,060 7,306 
CottoneValleyat = ae ee 2,250 4,436 
BulleBay ose re ee en ace eee II,000 4,417 
Caddo Cee 2.5 ont nn Reece a 32,000 3,748 
Uraniae ne ke 2,500 3,091 
IK CHO Gran seated teehee ae I, 200 1,482 
Arkansas 
Smackovervas eae tee 21,360 II, 493 
ED OxadO ane ee eel ae 8,160 5,376 
Haste Dora dommes iti tere 1,420 5,100 
Irma (Nevada County).......... goo 2,933 
DU eINOI, ond rule cures ees eae 2,100 1,606 
UFISDOM eee steer a earache 2,700 1,414 


TABLE VIII 


PRODUCTION OF OIL FROM BELLEVUE BY YEARS 


Year Barrels eae 
HOO Dare ea ya ee onan area I ere 1,479,985 4,110 
NO QS urate to RTS 2,250,057 6,490 
TC) 274: rote te caeatmnee pees canny agecd alii EOT2787 5,320 
LO 215 rece ic ctecs eee eens ape ore I, 212,724 3,370 
TOAD oP cents Sahn tae raat 807,689 2,220 
COR a se hd dtr Soe 495,205 1,375 
1928 (January—March)....... 96,615 1,062 


LT Rema 
t 


At present less than 2 per cent of the handled fluid is oil; consequently, 
the treating of the oil is an important factor in the cost of production. At 
first the ordinary cooking-vat was used in treating, but now the oil is usu- 
ally run through gun barrels and then into stock tanks. Tret-o-lite and 
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sludge soap are used in the treatment. The Gulf Refining Company uses 
an electrical dehydrator. 

Production costs range from $0.70 to $1.00 per barrel, although the 
average cost about four years ago was $0.26. During the early history of 
the field some of the wells were blown with air to increase the production. 
Now the Standard Oil Company and R. L. Autrey are using a vacuum in 
recovering the oil, and the other operators are using the ordinary pumping 
methods. 

The field is served by two pipe lines: the Standard Oil Company of 
Louisiana has an 8-inch line to a loading-rack on the Louisiana and Ar- 
kansas Railroad at Princeton, and the Louisiana Oil Refining Corporation 
has a 6-inch line to a loading-rack at Drake on the same railroad. 


KEVIN-SUNBURST FIELD, TOOLE COUNTY, MONTANA’ 


‘ 


W. F. HOWELL? 
Russell, Kansas 


ABSTRACT 


The Kevin-Sunburst field is in Toole County, Montana, near the Canadian border. 
. This northernmost field in the United States ranks second in oil production in the 
Rocky Mountain region. The producing structure is a dome on the north-plunging end 
of the Sweetgrass arch. The principal oil-producing horizon is at the unconformable 
contact of the Ellis (Jurassic) and the Madison (Mississippian) limestones. The prin- 
cipal gas-producing horizon is the Sunburst sand (Lower Cretaceous). Although there 
is no oil production on the top of the dome, it is believed that local folding in areas of 
porosity has influenced accumulation. The nature of the unconformable contact at the 
principal producing horizon also affects accumulation. 
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LOCATION 


The Kevin-Sunburst field is in Toole County, Montana, 20 miles 
north of Shelby and 15 miles south of the Canadian boundary. It is on a 
large dome on the north-plunging end of the Sweetgrass arch. The Sweet- 
grass arch is approximately 70 miles broad and extends from central 
Montana northward across the Canadian border. The dips on the arch 
are very gentle. Because of the low dips, the possibility of obtaining 
oil on this arch was for a long time disregarded by students of Rocky 
Mountain geology. 

Kevin-Sunburst is the northernmost oil field in the United States. 
It ranks second in production in the Rocky Mountain area. The produc- 
tion for the week ending August 25, 1928, was 8,000 barrels a day. 

Two other areas which offer possibilities as fields, Bannatyne and 
Pondera (Fig. 1), were opened on the Sweetgrass arch in 1927. The near- 
est large field is at Cat Creek, 250 miles southeast. 


* Presented by title before the Association at the Tulsa meeting, March 26, 1927. 
Manuscript received by the editor, July 17, 1928. Published by permission of the Mar- 
land Oil Company of Colorado. 


2 Phillips Petroleum Company. 
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HISTORY 


As early as 1916, Eugene Stebinger' pointed out the possibility of 
obtaining oil from the Sweetgrass arch. Since the discovery in 1922, 
reports on the field have been published by A. J. Collier,? Frank R. Clark,3 
Dorsey Hager,’ and by A. J. Collier and W. W. Boyer.’ 

The first well in the Kevin-Sunburst field was drilled in Sec. 16, T. 35 
N., R. 3 W., by the Gordon Campbell-Kevin Syndicate. This well was 
completed March 14, 1922. The well was drilled to the Ellis-Madison 
contact at a depth of 1,770 feet and produced 5-10 barrels of oil of a 
gravity of 30° Bé. The well was deepened to 2,540 feet and was aban- 
doned. This well may truly be considered the discovery well because it 
led to the later development. 

The first commercial well in the field was drilled by the Sunburst 
Oil and Gas Company in Sec. 34, T. 36 N., R. 2 W. It was completed 
June 5, 1922, in the Sunburst sand at a depth of 1,545 feet. The initial 
production was too barrels of 36° Bé. oil. This well is still producing. 
Both wells are located northwest of the center of the Sunburst dome. 

In areal extent the Kevin-Sunburst is one of the largest producing 
fields. The area containing oil wells covers approximately 85 square 
miles; and the surrounding area yielding gas with showings of oil, approxi- 
mately 180 square miles. The producing area is not continuous, and there 
are many dry holes throughout the proved area. 

To date, three separate areas have produced most of the oil. The first 
area comprises a group of wells in Secs. 4 and 9, T. 35 N., R. 2 W. In this 
group, there have been a few large wells. An illustration is the Ohio’s 
Baker No. 3, completed March 19, 1923, with an initial flow of 1,500 bar- 
rels a day. This well has produced up to April, 1927, more than 400,000 
barrels of oil. A diagonal offset has produced 275,000 barrels. These two 
wells soon settled to small producers, but they have had a rather steady 
settled flow. The surrounding wells are small but are producing satis- 
factorily. 

* “Possibilities of Oil and Gas in North-Central Montana,” U. S. Geol. Survey 
Bull. 641-C (1916). 

“The Kevin-Sunburst Oil Field, Montana,” U.S. Geol. Survey Press Notice 13,406 
(September 7, 1922). 

3“Notes on the Kevin-Sunburst Oil Field, Montana,” Bulletin Amer. Assoc. 
Petrol. Geol., Vol. 7 (1923), pp. 263-76. 

4“The Sunburst Oil and Gas Field, Montana,” Trans. Amer. Inst. Min. Met. 
Eng., Vol. 69 (1923), pp. 1101-19. 


§“The Kevin-Sunburst Oil Field, Montana,” U. S. Geol. Survey Press Notice 2,055 
(January 12, 1926). 
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The second group, or Shoshone pool, was developed in Secs. 4 and 5, 
T. 34 N., R. 2 W. Several wells in this group had initial flows of 5,000 
barrels per day, but the decline was very rapid and at present the group 
is producing only a small amount of oil with a large amount of water. 

The third group, or East pool, lies in Secs. 29, 30, 31, and 32, T. 35 N., 
R. 1 W., and in the east half of Sec. 36, T. 35 N., R. 2 W. This area has 
proved to be the most productive; in fact, the greatest part of the field’s 
production has come from the East pool. There are very few dry holes in 
this area, and several wells have been completed with an initial production 
of 5,000 barrels per day. The area has been almost completely drilled, 
although a few edge wells may be added. 

Between these three areas, there are some good wells from which con- 
siderable oil has been produced. The top of the Sweetgrass arch has been 
tested dry. 


STRATIGRAPHY 
PLEISTOCENE 


Glacial.—In places, there is a thin surface covering of glacial material, 
left by the invasion of the Montana lobe of the Keewatin ice sheet. 


CRETACEOUS 


Eagle sandstone —The Eagle sandstone, a massive sand of Cretaceous 
age, borders the field on the west, north, and east sides. On the west, the 
Virgelle sand (basal Eagle) forms a prominent escarpment. 

Colorado shale-—Underlying the Eagle sand is the Colorado shale 
(Middle Cretaceous), which crops out throughout the area of the field 
(Fig. 2). This is a thick massive shale of dark color; the upper half con- 
tains no sands and only a few concretionary beds; the lower half has 
several lenticular sands, some of which carry water and gas with showings 
of oil. One of these sands is very persistent throughout the north part of 
T. 35 N., R. 2 W., and in that area ordinarily carries water, thus ne- 
cessitating an extra string of casing. The shale has a total thickness of 
1,750 feet. The amount of Colorado shale encountered in the wells ranges 
from approximately 700 feet on top of the structure to almost the total 
thickness on the west side of the field. 

Kootenai formation.—Underlying the Colorado shale is the Kootenai 
formation of Lower Cretaceous age, a fresh- or brackish-water deposit. 
This formation has a thickness ranging from 350 to 4oo feet and is com- 
posed of red and variegated shales, with some sands. Near the base is the 
Sunburst sand, a producing horizon, whose thickness ranges from 5 to 
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50 feet. The top of the Kootenai is not everywhere red but can be easily 
differentiated from the typical overlying dark Colorado shale. 

At the base of the formation, and just below the Sunburst.sand, is 
yellow shale ranging from 10 to 30 feet in thickness. This shale occurs 
throughout the greater part of the field and is the best marker for corre- 
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Fic. 2.—Stratigraphy of Kevin-Sunburst field, as shown by well logs. 


lation purposes. It is not logged in several wells in T. 35N., Re 3 W.,and 
it is not present in parts of T. 34 N., R. 1 and 2 W. 

The Kootenai formation is coal-bearing in a large part of Montana and 
in Alberta on the north but does not carry coal in the Kevin-Sunburst field, 


JURASSIC 


Ellis formation.—The Ellis formation of Jurassic age underlies the 
Kootenai. It is of marine origin and has a thickness of 200~2 Ko reel: 
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The average interval from the top of the Sunburst sand to the Ellis- 
Madison contact is 230 feet in the north part of T. 35 N., R. 2 W; 6 miles 
south in the Shoshone group of wells the interval has thickened to ap- 
proximately 255 feet. 

There is some evidence of a slight unconformity between this forma- 
tion and the overlying Kootenai, and the Ellis is known to rest unconform- 
ably on the Madison limestone. The long period of erosion occurring be- 
fore Ellis deposition suggests a very pronounced disconformity between 
the Ellis and Madison formations. This disconformity, however, is not as 
evident as would be expected, probably because the surface of the lime- 
stone was practically base-leveled before Ellis time. At the base of the 
formation, there is roo—150 feet of black, limy shale which is ordinarily 
logged by the drillers as “black lime.” 

At the contact between the Ellis and Madison lies the so-called “Ellis 
sand,” (in most places, porous Madison), the principal producing horizon. 


CONGLOMERATE 

Near the Little Rocky Mountains, a 4-foot chert conglomerate or 
breccia lies on the Madison limestone, immediately beneath the Ellis 
shales. This breccia is composed of angular residual material derived 
from the top of the Madison, or it may. be accumulated residuum from 
erosion of younger beds. This breccia is very probably present in the field, 
and a large part of the chert encountered with the “pay”? may come from 
this horizon. 

One well in Sec. 2, T. 34 N., R. 2 W. encountered at the contact con- 
siderable unconsolidated material composed of chert and rounded lime- 
stone pebbles. A puff of gas caused this material to bulge up the hole a 
distance of 50 feet. ; 

The age of this conglomerate is questionable. It may be of Missis- 
sippian age or it may be later. 


MISSISSIPPIAN 

Madison limestone.—The Madison limestone of Mississippian age 
underlies the Ellis. It is a massive white to blue lime with a thickness of 
780 feet. There is no sand in the formation, but there are horizons that 
carry water. These water horizons are ordinarily pulverized in drilling, 
the cuttings of lime resembling very fine sand and commonly being logged 
as such. The upper part of the lime is dolomitic. 

Very few wells have produced in the upper part of the Madison below 
the contact zone. The average thickness of the Madison limestone at the 
outcrop in the adjacent mountain areas is approximately 1,200 feet. If 
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the thinning over the Sweetgrass arch is due to continued erosion, approx- 
imately 400 feet of Madison must have been removed. 


DEVONIAN 


Jefferson limestone.—Below the Madison lime there is 355 feet of im- 
pure limestone, with some dark shale, which has been correlated with the 
Jefferson of Devonian age. 

These black shales were found to be petroliferous in Sec. 21, T. 34 N., 
R. 1 W., in a diamond-drill hole. 


LOWER FORMATIONS 


Correlations below the Jefferson lime are questionable. The deepest 
well in the field was drilled to a depth of 4,520 feet. This well, located in 
Sec. 21, T. 34 N., R. 1 W., encountered a quartz diorite at approximately 
4,500 feet. 

Approximately 275 feet of anhydrite and gypsum below the Jefferson 
limestone has been classified by F. C. Platt as of probable Silurian age. 

Below the anhydrite, Platt mentions goo feet of dolomitic limestone, 
anhydrite, and shale, as having been tentatively correlated with the 
Ordovician. 

The remaining 680 feet of green-gray and blue-gray shale that rests 
upon the diorite is considered as of probable Cambrian age. 


STRUCTURE 


The structure of the field is that of a large dome with some irregular 
minor folding. The subsurface structure-contour map shows a closure of 
600 feet. The closure is known to be several hundred feet more, as the 
flank dips continue several miles beyond the limits of the map. 

The surface structure conforms in a general way with the subsurface. 
Because of lack of outcrops that can be used as key beds, it is impossible 
to map the surface structure in much detail, though the general structure 
is apparent, and was mapped in 1921. 

The subsurface map was contoured on the Ellis-Madison contact as a 
datum (Figs. 3 and 4). This datum was used because of its importance as 
a producing horizon. In wells that encounter no oil, the decided litho- 
logic change between the overlying black Ellis shale and the Madison 
limestone ordinarily is accurately logged. 

In reality the map shows, in detail, the present buried surface topog- 
raphy of the Madison lime. This surface, as would be expected, is irreg- 
ular, The Madison limestone (Mississippian) was unquestionably sub- 


™ Dorsey Hager, op. cit. 
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Frc. 3.—Subsurface structure of Kevin-Sunburst oil and gas field, contoured on Ellis-Madison 
tact. Contour interval, 20 feet. The principal gas area is on the south flank of the large dome. 
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Fic. 4.—Structure of principal productive area, Kevin-Sunburst field, contoured on Ellis-Madison cont 
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jected to a long period of erosion before the later period of Ellis (Jurassic) 
deposition. As judged by the thickness of the Madison lime, shown by the 
section made southeast of Great Falls, the formation was subjected to an 
erosion of approximately 400 feet on the arch. The section at Great Falls 
has a thickness of approximately 1,200 feet, although several wells that 
have penetrated the Madison on the Sweetgrass arch show it to have a 
thickness of only 800 feet. 
UNCONFORMITIES 


A map drawn on the Sunburst sand as a datum closely conforms in 
structure with one on the Ellis-Madison contact datum. There are very 
minor structural differences that suggest a slight unconformity between 
the Kootenai and the Ellis formations. The unconformity between the 
Ellis and the Madison will be discussed later in more detail. 


RELATION OF STRUCTURE TO ACCUMULATION 


There is no oil production on top of the structure, but a study of the 
map indicates that local structure in areas of porosity has a decided effect 
on accumulation. The East pool has a closure of 40 feet or more and is 
located on a pronounced nose, plunging northward from the main “high.” 

The Shoshone pool is located on a narrow, irregular fold. Although 
structure is an important factor in accumulation, there are other control- 
ling factors upon which it is dependent. 

As mentioned elsewhere, the Sunburst sand does not carry water but 
is dry throughout the field. In this connection, it is interesting to note 
that the Sunburst oil production comes from areas situated very low 
structurally. One well in the center of Sec. 13, T. 35 N., R. 3 W. is in 
the bottom of a pronounced plunging syncline. 

In the SW. 4, SW. 4, SE. 4 of Sec. 23, T. 35 N., R. 2 W., is a Sunburst 
sand well, and the south offset also is producing from the same horizon. 
Both are very low structurally as compared with surrounding wells. 

Two other Sunburst areas may be classed as edge production, but in 
these areas the Ellis also is productive and a few wells produce from both 
horizons. 

The factors other than structure which have affected accumulation 
are amount of porosity and nature of contact zone, as well as the uncon- 
formity itself and a variable condition of water saturation. 


FAULTS 


There is no surface evidence of faulting, and a careful study of all the 
well logs shows no faults with appreciable throw. 
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Many exceptional and freak conditions in this field have been ex- 
plained by some geologists as the result of a faulted condition. Near the 
central part of the arch, there are two long areas showing steep dips which 
were interpreted by some as surface faults. The first maps of the field 
showed these features as faults, with a northwest strike. Later, they were 
believed to be the results of glaciation, the latter belief being now more 
commonly accepted. Since this fault theory has been accepted by some 
geologists, a few of the reasons for the belief, with an explanation for the 
occurrence, are here given: (1) offset wells producing from different levels 
and in reality from different horizons but assumed to be the same horizon; 
(2) differences in production of offset wells, the result of difference in sand 
porosity and lack of uniform saturation rather than the result of faults; 
(3) large gas wells, situated very low structurally, mentioned elsewhere in 
this paper, caused probably by lenticularity and difference in porosity of 
the sand; (4) differences in color and character of the top of the Kootenai, 
the red shale streaks not being constant, thus resulting in confusion 
where markers in the Kootenai have been used as a datum; and (5) shale 
slumping or weathering of a peculiar type that has been mistaken for sur- 
face evidence of faulting. 

WATER LINE 

The field has no definite water line, and there is no uniform water 
saturation. This is the result of non-uniform porosity of the pay horizon, 
influenced by the unconformity. 

It is interesting to note that the amount of water produced with the 
oil from some leases with settled production varies in amount from month 
to month. There is no uniform rate of decline or increase; some months 
it is more and some less than the preceding month. 

Sulphur water produced from the upper Madison “breaks,” and that 
from the Ellis-Madison contact are similar, and it is impossible to differen- 
tiate one from the other by analysis. 


OIL AND GAS HORIZONS 


Colorado shale.—In the lower Colorado shale, there are lenticular sands 
that in places carry some showing of oil and gas. 

Sunburst sand.—Near the base of the Kootenai formation lies the 
Sunburst sand. This sand is the principal gas-producing horizon of the 
field and produces some oil. It is irregular in thickness and character, the 
thickness ranging from almost nothing to 75 feet. It is a true white 
quartz and in places is slightly conglomeratic, composed in part of very 
small pebbles. 
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The gas wells vary in size from a few thousand to 14,000,000 cubic 
feet. It is significant that the largest gas wells are situated low struc- 
turally, and south of the main “high.” The Saint Paul-Montana Cox 
well in Sec. 34, T. 33 N., R. 2 W. is a 14,000,000-foot gas well, and is 522 
feet lower structurally than the highest well drilled. Several other gas 
wells have been drilled in this vicinity at almost the same structural posi- 
tion. These wells are larger and more consistent producers than others 
higher on structure. This large volume of gas so low structurally can be 
explained only by the lenticular nature of the sand or its irregular porosity. 

The sand is uniformly dry throughout the field, and the oil and gas 
produced are free from sulphur and water. This sand does, however, carry 
water in the vicinity of Shelby and Virden, where salt water is reported 
‘in at least three wells. 

The Sunburst oil is free from sulphur and is of higher gravity than the 
Ellis oil. Its gravity is approximately 36° Bé. Only a small amount of 
oil is produced from the Sunburst, and the wells are small, with maximum 
initial production of 100 barrels. 

The principal area producing oil from the Sunburst sand lies in Secs. 
33,64, andi35, 01 T. 36 N., R. 2 W., and in:Secs. 3 and-4, T, 35 N., R. 
2 W. Other producing areas are very small, with not more than three 
or four wells in a group. 

Stray horizons in the Ellis formation—A few good wells have en- 
countered oil above the normal Ellis “‘pay.’”’ These horizons are irregular 
sand lentils ordinarily found from 30 to 80 feet above the Ellis-Madison 
contact. The oil is of higher gravity than either the Ellis or Sunburst oil 
and is free from sulphur. Large wells producing from this horizon are 
commonly offset by wells that fail to find production in the same stray. 

Ellis sand.—The so-called “Ellis sand” is the principal producing hori- 
zon of the field. This productive zone lies at the contact of the Ellis and 
the Madison, and in most places at the extreme top of the Madison. 

In reality, this pay horizon is not a sand but rather a broken, weath- 
ered, discolored lime, which in places is very cherty with some secondary 
silica. The character of this zone is highly variable, and thickness and 
porosity of the “pay” in a given well ordinarily determine the size and 
life of the well. 

There are areas where wells are drilled through the black Ellis lime 
into the white Madison lime without encountering either oil or water. 
This lack of production is due to the absence of porosity at the contact. 
In these areas, the black Ellis lime seems to have been deposited on the 
Madison, where the surface was less affected by weathering; and since 
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deposition this contact has remained impervious, thus preventing a 
circulation of water, as is evidenced by the lack of secondary material. 
The absence of oil production on the south flank of the structure can be 
explained in this way. In this area it is necessary to drill into the Madison 
to depths ranging from 20 to 70 feet before water is encountered. 

Why this contact should be so irregular in character, and the horizon 
have greater porosity in the area on the north and northwest sides of the 
structure, is a question worthy of consideration. The erosional uncon- 
formity at the contact, the non-uniform character of the chert conglom- 
erate between the Ellis and Madison formations, also the irregular Madi- 
son surface, varying in both composition and topography, are conditions 
that have prevented a uniform saturation of either oil or water. These 
conditions are suggested as contributing factors to account for the variable 
character of this contact zone. 

The oil produced from the Ellis has an average specific gravity of 30° 
Bé. It has a slight sulphur content, and in several localities considerable 
sulphur water is produced with the oil. 

Very few wells have encountered much gas at the contact. One well 
drilled by the California Company in the NE. +, NW. +, NW. + of Sec. 26, 
T. 35 N., R. 2 W., had an initial production of 8,000,000 cubic feet. The 
ordinary production of other Ellis gas wells in this vicinity varies from 
1,000,000 to 2,000,000 cubic feet; however, gas wells of 1,000,000 feet or 
more are exceptional. j 

The average drilling depth to this horizon ranges from 1,400 to 1,800 
feet, dependent upon the structural position of the well. Initial production 
varies from a few barrels to more than 5,000 barrels a day. 

Stray horizons in the Madison limestone—Undoubtedly considerable 
oil is produced from the top or upper 6-8 feet of weathered Madison lime, 
which may rightly be considered as coming from the normal contact zone. 

In Sec. 27, T. 35 N., R. 2 W., three or four large wells were completed 
at different depths in the Madison. The first of these, the O’Neil-Lash- 
baugh No. 1, located in the SW. 4, SE. 4, SE. + of the section, found a 
small amount of oil and water at the contact but failed to produce after a 
shot. At a depth of 50 feet in the Madison, production was found and for 
several weeks continued at the rate of 2,000 barrels a day. This well later 
sanded (?) up and has been abandoned. 

This well was a direct offset to another 1,400-barrel well that produced 
from a stray sand in the Ellis, 45 feet above its base. Both were large 
wells, neither producing from the normal pay horizon and one producing 
from a “pay” 95 feet lower in the section than the other, 
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In this group of wells, one found production 80 feet in the Madison 
and another is reported to be producing from a depth of 100 feet in the 
lime. The adjacent wells are normal contact wells, and this stray horizon 
probably is not the same in any two of the three wells inasmuch as several 
adjacent wells drilled to this horizon have failed to find production. 
Samples of the “pay” show it to be a soft streak in the lime and to contain 
no sand. Calcite veins occur in the soft lime, indicating the possibility 
of fracturing. 

A small amount of production has been encountered in Sec. 18, T. 34 
N., R. 1 W., at depths ranging from 20 to 30 feet in the Madison. It is 
doubtful if this production is of commercial value. 


TABLE I 
COMPLETED WELLS, Kevin-SuNBURST FIELD 
YEAR STATUS 

TOoraL a 

1922] 1923 | 1024 | 1925 | 1926 pe oe” eee 

Oilwellss caret aces 26 | 104 | 80 | 228 | 229 667 | 424 650 860 
Gaspyellstee serene ed 5 ih athe ll ae 65 31 65 98 
Diveholesiprconccrs Tis Tara 7 el TOO! ete 7 368 241 368 408 
Oilevells@bancdoned))) lee quem cies [se rete senses alent lever 14 1g eis Ae 
ERG tal Gerecey wee ot AS LO2m ats 2u less sl S2QOm eI TOOml mn 7 TO sally TOOul) Ly A450. 


No other production from the Madison is known, except possibly one 
well on the Big West lease in Sec. 31, T. 35 N., R. 1 W. Five wells have 
been drilled through the Madison, none of which has encountered com- 
mercial production below. 

The oil occurring in the Madison lime, at isolated places and in 
irregular horizons, probably had a common origin with the Ellis oil above. 
It seems probable that this oil filtered down through permeable, partly 
filled sinks and accumulated in caverns or soft permeable streaks in the 
Madison lime. The existence of sinks and underlying caverns in the 
Madison is suggested by the long period of erosion before Ellis deposition. 


DEVELOPMENT 
The figures in Table I indicate the steady development of the field. 
These figures were taken from F, C, Platt’s commercial scout report. 


PRODUCTION 
Oil.—The production of the field has increased yearly, and reached 
its peak in July, 1926; during this month, the daily average production 
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was 25,780 barrels. During 1927, however, there was a very decided 
decline, for with 110 new wells the daily average was 6,195 barrels less 
than in 1926. A still further decline of 3,000 barrels a day is noted in 1928. 
At present, September, 1928, the field is producing approximately 8,000 
barrels daily, and production probably will be maintained near this figure 
for some time. 

The figures in Table I, taken from C. E. Shoenfelt’s report, indicate 
the increase by years; they do not include oil used for fuel. 


TABLE II 


PRODUCTION INCREASE, KEVIN-SUNBURST FIELD 


No. : 
: Daily 
Year Coe Barrels Produced Avera 
DO 22 Sra Ries Gena oes 22 28,987 79 
LO 23 ete. car aie a ree 104 417,928 r,s 
LO 24s ore ey one ea 80 I,206,050 3,205 
TO 2G aves miter. «te reweec aie 228 2,716,040 7,441 
TO 2 Oia ee weenie nen 229 6,479,802 Le 753 
MOD icachakp saan, Seaton tae IIo 4,218,823 II,558 
RO tall qerrstce eee aied ee eros: 156 O07 7/20 mals eer 


It is very difficult to estimate ultimate production in this field, owing 
to erratic differences in initial production and decline rates. Decline rates 
for offset wells vary greatly. 

Gas.—On January 1, 1927, there were sixty-three commercial gas 
wells that are estimated to have had an initial capacity of 190,000,000 
cubic feet. This does not include gas developed in commercial oil wells. 

This gas, both from the Ellis and the Sunburst, is dry. The Sunburst 
gas has 1,050 B.T.U., and the Ellis has 925 B.T.U., per cubic foot. 

Gas is used extensively in the field as fuel for drilling. The towns of 
Shelby, Sunburst, Kevin, and Oilmont are supplied with gas from the 
field. The local refineries are also supplied with this fuel. 

The south flank is capable of producing a large volume of gas, and 
it is probable that a pipe line will eventually connect this area with Great 
Falls.t.At present (1927) several wells are drilling in the area of the 
Sweetgrass Hills, and these wells may develop sufficient additional gas to 
make practical the construction of such a line. 


* The Northern Natural Gas Development Company built a gas line to Great Falls 
in 1928—Eprror. 
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C. A. HARTNAGEL? anp W. L. RUSSELL 
Albany, New York, and New Haven, Connecticut 


ABSTRACT 


The oil fields of New York represent the extreme northeastern extension of the 
Appalachian oil fields. The most westerly New York pool is located in Cattaraugus 
County and is in reality the northerly continuation of the Bradford pool of Pennsy]- 
vania. At the east, and confined to Allegany County, is the Richburg pool, the largest 
and most productive in the state. Several smaller pools occur—among them the Marsh 
pool in Steuben County, which, with the exception of the Gaines oil pool in Pennsyl- 
vania, is the most easterly producing pool in the United States. 

The productive sands of New York are all of Devonian age. The oil region is a 
dissected plateau, and depth of wells in the main sands ranges from about goo feet in 
the valleys to more than 2,000 feet in the uplands. There is a slight regional southwest 
dip, and a few low anticlines and synclines have been recognized. Several types of sand 
are found, though on the whole the sands are fairly persistent. The presence of oil in 
synclines and the absence of salt water from most parts of the fields are noteworthy 
features. 

The total production of oil since the development of the fields nearly fifty years 
ago is 75,000,000 barrels. The wells are small and yield oil slowly; one well that was 
drilled in 1879 is still being pumped. 

During the last twenty-five years there has been no important lateral extension 
of the pools, nor have deeper producing sands been discovered. The present annual 
production is more than double that of ten years ago. Increase in production during 
recent years is due largely to flooding methods by which hydrostatic pressure on the 
oil sand is maintained through the use of water wells. 


INTRODUCTION 


The New York oil fields are in the southwestern part of the state in 
the three counties of Cattaraugus, Allegany, and Steuben (Fig. 1). On the 
south, each of these counties borders Pennsylvania. In Cattaraugus, the 
westernmost of the three, is the northern extension of the Bradford field of 
Pennsylvania. At the east, and situated entirely in Allegany County, 9 
miles distant from the Bradford pool, is the Richburg pool, the largest and 
most productive in the state. In this county, too, is the Scio pool, the 
most northerly producing pool of the Appalachian field. East of the Rich- 
burg pool are several small pools, of which the Marsh pool in Steuben 
County near its western border is the last producing pool at the east. 

1 Presented by title before the Association at the Tulsa meeting, March 26, 1927. 


Manuscript received by the editor, December 9, 1927. Published by permission of the 
director, New York State Museum, Albany, New York. 


2 Assistant state geologist. 
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With the exception of the Gaines pool in Pennsylvania, the Marsh pool 
is the most easterly producing pool in the United States. The Marsh pool 
lies 25 miles north and 7 miles west of the Gainesville pool. 

Altogether the oil pools of the state comprise about 50,000 acres and 
may all be included in a rectangle 54 miles long east and west and extend- 
ing 12 miles north from the New York—Pennsylvania state line. 


PHYSIOGRAPHY 


The New York oil fields lie within the northern border of the Allegany 
plateau, which constitutes the westernmost physiographic division of the 
Appalachian province as developed in Pennsylvania. The oil fields are 
approximately 60 miles from the distinctly folded ridges of the Allegany 
Front. West of the Allegany Front, folding becomes less and less pro- 
nounced; and in-the oil regions only gentle undulations are found, and 
these do not have any clearly marked effect on the topographic features. 
Eastward from the oil fields, the stratigraphic series continues in New 
York as a plateau without any faulting and with only slight undulations 
which finally merge into the Catskill mountain plateau approximately 
200 miles away. North of the oil region, the country descends to the level 
of Lake Ontario (247 feet above sea-level), a distance of about 75 miles. 
Owing to the southerly dip of the strata, the northern outcropping edges 
of the underlying formations including the Medina sandstone and shale 
along Lake Ontario are exposed at several places. Several oil springs 
occur just beyond the northern border of the productive fields. Among 
these is the famous Cuba oil spring known since early Colonial time and 
one of the sources of the Seneca oil of the Indians. 

The plateau constituting the oil region has been deeply dissected by 
streams, as exemplified by the horseshoe bend of Allegany River and the 
Genesee. The region therefore belongs to two major drainage systems, 
namely, the Allegany-Mississippi and the Genesee-St. Lawrence. Be- 
cause the region is a dissected plateau, the depth to the producing 
sands ranges from approximately 800 feet in the valleys to more than 
2,000 feet on the uplands. In the greater part of the oil region the eleva- 
tions range from 1,600 to 2,500 feet above sea-level. 

With the exception of the territory south of the terminal moraine, the 
oil regions are rather heavily mantled by glacial drift, and throughout 
much of the glaciated territory rock outcrops are scarce for a region of 
such marked relief. As a result of glacial stream and lake deposits even 
south of the terminal moraine, many of the pre-glacial valleys are deeply 
filled, and the courses of some of the streams, including Allegany River, 
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have been greatly changed. In Allegany County, only a part of the south- 
ern spur of the Richburg pool is south of the terminal moraine, and in 
Cattaraugus County, only the northern spur of the Bradford pool lies 
north of it. The depth of the glacial material is extremely variable. In 
some of the stream-filled valleys, the depth from the surface to bed rock 
is as much as 300 feet, and roo feet of drift is not of uncommon occurrence. 
In the uplands the glacial material is much thinner, and in many places 
the bed rock is less than 30 feet from the surface. 


HISTORY 


Although the Cuba and other oil springs lying north of the present 
producing oil fields were known for many years, no systematic efforts to 
drill an oil well were made until 1864, five years after the Drake well had 
been completed in Pennsylvania, when a well was drilled at Limestone, 
Cattaraugus County. In 1866, a well was drilled at Whitesville, Allegany 
County. Neither of these wells proved productive. They were drilled in 
hope of finding the sand which was producing oil in Pennsylvania; and 
in the early attempts there was little to guide the drillers in a geological 
way, outside of a general knowledge that the strata were nearly horizontal 
and that the Pennsylvania formations must reasonably be expected to 
extend into New York, as had been pointed out by the early geological 
surveys. 

Following the development of the Bradford pool in Pennsylvania, 
wells were drilled in rapid succession in the New York section of the pool, 
and by 1878 there were 250 producing wells in the Cattaraugus County 
field. In Allegany County, after several wildcat tests, a successful well 
was completed in 1879 in the town of Scio. This well was drilled by O. P. 
Taylor and is locally known as Taylor’s discovery well, or Triangle No. 1. 
The oil sand was found from 1,126 to 1,153 feet, and the well was finished 
at 1,177 feet. A remarkable feature of this well is the fact that although 
it had an initial production of but 8 or ro barrels, it is still being pumped 
after a period of more than forty-eight years. The well log for Triangle 
No. 1 is given in Table II. Following the drilling of the Triangle well, the 
oil territory was rapidly developed; and in 1881 a well was drilled at 
Richburg with an initial production variously estimated from 300 to 400 
barrels. The flush period was in the early eighties, with an annual produc- 
tion in the state of more than 5,000,000 barrels. Following the period of 
flush production, the drilling of additional wells did not stem the gradual 
decline in production, nor have any important new pools been discovered. 
In 1912, only 782,661 barrels were produced. With the introduction of 
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flooding methods now being regularly employed in most of the New York 
oil fields, the annual production has recovered to a considerable extent 
and has doubled in amount as compared with its total ten years ago. 


STRATIGRAPHY 
COLUMNAR SECTION 


In the columnar section (Table I) is given the stratigraphic succession 
in western New York. None of the rocks below the Chemung formation 
is exposed in the area of the oil fields. The thickness and the character 
of the lower formations are determined from deep wells and from nu- 
merous outcrops at the north. In western New York the thicknesses of 
the formations below the Medina are known only from well records. 
The lower formations which yield gas are noted in the table. 


EXPOSED BEDS 


Olean conglomerate.—With the exception of a few feet of Sharon shale 
overlying the Olean conglomerate at Rock City and containing a thin coal 
bloom, the Olean constitutes the highest member of the New York Paleo- 
zoic series. The main mass of this conglomerate forms the surface rock in 
the section of the Bradford pool lying south of Olean along the Pennsyl- 
vania border. Wells commenced on the Olean conglomerate reach the 
main Bradford sand at depths ranging from 1,700 to 1,800 feet. This 
formation is characteristically a massive round-pebble conglomerate, 
although locally its texture changes within short distances both hori- 
zontally and vertically, being strongly cross-bedded. Most of the pebbles 
in the conglomerate are well rounded and occur as large as 3 inches in 
diameter, although the average diameter is much less. The round shape 
of the pebbles distinguishes this formation from underlying conglomerates 
which have flat or discoidal pebbles. 

The Olean conglomerate weathers rather rapidly, and massive de- 
tached boulders broken off along joint planes form the well-known Rock 
City near Olean. The character of the surface of the formation is illus- 
trated in Figure 2. 

Oswayo beds.—These beds range in thickness from 160 to 250 feet and 
are composed of olive-green and rusty-colored sandy shales with thin 
seams or incrustations of limonite. The Oswayo contains a marine fauna 
and the brachiopod Camarotoechia allegania is a characteristic fossil. Near 
the base of the Oswayo is a rather persistent layer of impure limestone 1 
foot or 2 feet thick made up largely of fragments of brachiopods and other 


shells, 
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TABLE I 
GENERAL COLUMNAR SECTION 


Group 


System 


Series 


Description 


Thickness 
in Feet 


Paleozoic 


Pennsy1- 
vanian 
(Potts- 
ville) 


Olean 


Coarse conglomerate, with well- 
rounded pebbles mostly of vein 
quartz. Texture changes in short 
distances both horizontally and 
vertically into coarse white sand- 
stone. Approximately 1,700-1,800 
feet above main producing oil 
sands 


60-70 


Carboniferous 


Missis- 
sippian 
(Brad- 
ford) 


Uncon- 
formity 


Oswayo 


Absence of the Mauch Chunk and 
associated formations. 4,000-++ feet 


Fossiliferous olive-green and rusty- 
colored limonitic shales. Near 
base, bed of very fossiliferous 
limestone 2 feet thick. A prob- 
able small unconformity between 
the Oswayo and Cattaraugus. 
Few thin beds of sandstone 


160-250 


Catta- 
raugus 


Bright-red shales with interbedded 
green or bluish shales and fine- 
grained micaceous sandstones. 
Local beds of conglomerate char- 
acterize the formation. At base 
is the Wolf Creek conglomerate. 
All the conglomerates of the Cat- 
taraugus beds have flat or dis- 
coidal pebbles, some of jasper, 
distinguishing them from the 
Olean 


300-350 


Devonian 


Chemung 


Gray, olive, and bluish shales, some 
dark purple or chocolate color. 
Many thin beds of argillaceous 
sandstone. Lower half of the Che- 
mung contains all the oil-pro- 
ducing sands of the state 


I, 200- 
I, 500 


Portage 


A well-defined series of sandstones, 
flags, and black carbonaceous 
shales. Has gas-bearing strata 


I, 200-— 
I,700 


Hamilton 
and 
Marcellus 


Blue, gray, and olive shales. Basal 
portion, the Marcellus black 
shale, which is gas-bearing 


Onondaga 


600-700 


Also called ‘“‘Corniferous.” A heavy- 
bedded limestone, the “flint”? of 
the drillers. Gas-bearing 


130 


Uncon- 
formity 


Absence of Helderbergian forma- 
tions 
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TABLE I—Continued 


Group System 
Silurian 
Paleozoic 
4’ 
Ordovician 
Cambrian 
Pre-Cam- 
brian 


Series 


Salina 


ate Thickness 
Description in Feet 


A series of waterlimes, gypseous |700-800 
shales, beds of anhydrite and gyp- 
sum, rock salt. Red shales at 
base. Upper part of series, gas- 
bearing 


Niagara 


Clinton 


Medina 


“Fudson 
River” 
and 
Utica 


At top heavy-bedded dolomites. | 200 
Lockport and Guelph. Rochester 
shale at bottom 


Limestones, shales, with thin bed of 80 
hematite 


Upper 150 feet white and red sand- |r, 100- 
stones. Most prolific gas horizon | 1,200 
in state. Main mass is red shale 
with white Oswego sandstone at 
base 


A series of alternating beds of sand- | 600 
stone and shales. At base is Utica 
black shale 


Trenton 


A dark limestone, nearly everywhere |700-900 
containing a little gas, but few 
long-lived wells found 


Beekman- 
town 


Potsdam 


A heavy-bedded limestone. Also | 137 
known as the ‘‘Calciferous”’ for- 
mation 


A sandstone where present directly ? 
overlying the pre-Cambrian. Re- 
ported in a few deep wells in 
western New York 


Reported in severai western New 
York wells 


Cattaraugus beds.—These beds consist of bright red shales interbedded 
with greenish and bluish shales and thin beds of fine-grained micaceous 
sandstones together with two or three well-defined beds of flat pebble 
conglomerates. Many of the sandstones are cross-bedded and are per- 
sistent as individual beds only for short distances. Limonitic concretions 
in the sandstones contain fish remains, but the shales and sandstones as 
a whole are nearly barren of fossils. In origin the character of the shales 
and sandstones suggests the Catskill type of non-marine sedimentation. 
This phase of sedimentation started in the Catskills and spread toward 
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the west with progressively higher and higher beds. Near the middle of 
the Cattaraugus beds is the Salamanca conglomerate containing a marine 
fauna. It is found only from Cattaraugus County westward, and in the 
region south of Olean it is about 15 feet thick and is locally known as the 
Mount Hermon sandstone, a coarse-grained rock containing a few 
quartz pebbles. The sandstone phase of the Salamanca is characterized 
by the occurrence in it of many vertical fucoid stems or tubes. The mas- 
sive conglomeratic character of the Salamanca is best developed at the 
Salamanca rock city about 17 miles northwest of Olean. Fifty to 70 feet 


Fic. 2.—Surface of Olean conglomerate at Rock City, south of Olean, showing 
joint planes. 


above the Salamanca, and found only in the western part of the oil fields, 
is the Kilbuck conglomerate. It has a maximum thickness of not more 
than 15 feet, and in lithologic features resembles the Salamanca. 

The Wolf Creek conglomerate forms the basal member of the Catta- 
raugus beds, Like the Salamanca and Kilbuck, it is characteristically a 
flat- or discoidal-pebble conglomerate as distinguished from the round- 
pebble Olean conglomerate. In size, some of the pebbles range from 1 inch 
to 2 inches in diameter, but most of them range from about } to } inch. 
The main mass of the rock is a coarse cross-bedded sandstone, in places 
white, but ordinarily stained yellow or brown. In thickness, the con- 
glomerate is extremely variable. From a maximum of 20 feet it may thin 


NEW YORK OIL FIELDS 277 


in a few hundred yards to but a few inches, and in much of the district 
its thickness does not exceed 2 feet, and in some localities may be absent. 

The presence of jasper pebbles in the Wolf Creek conglomerate, as 
well as in the other conglomerate beds of the Cattaraugus, suggests a 
western origin, possibly from the Lake Superior region, of the pebbles 
composing these conglomerates. The flat shape of the pebbles indicates 
transportation for long distances along beaches. 

The Wolf Creek conglomerate contains a marine invertebrate fauna. 
In addition to the pronounced change in conditions of sedimentation 
following the Chemung, the Wolf Creek marks the introduction of the 
first Carboniferous type of fossils and for this reason is regarded as the 
base of the Carboniferous. 

Chemung beds.—The Chemung beds, which constitute the highest 
member of the Devonian in western New York, contain in their lower part 
all of the producing oil sands of the state. The total thickness of the Che- 
mung is 1,500 feet. The formation consists of many beds of shale and 
argillaceous sandstone that are extremely variable as lithologic units; and 
rarely do they maintain their individuality or thickness for any consider- 
able distance. The Cuba sandstone, 15 to 20 feet thick and occurring in 
the upper part of the Chemung, is probably the most persistent sandstone 
in the region. Both the sandstones and shales contain. a rather plentiful 
marine fauna. The relative position of the oil sands in the Chemung as 
far as they have been determined is given in the accompanying diagram 
(Fig. 3). 

LOG OF WELL 

The well log in Table II gives in detail the character of the rock in 
Triangle well No. 1, Lot 4, Town of Scio, Allegany County. The well is 
located near the eastern edge of the Richburg pool. The mouth of the 
well is a short distance below the top of the Chemung. The well was 
drilled in 1879 and is still producing a small amount of oil. The elevation 
at the mouth of the well is 1,825 feet; at the bottom of the well it is 648 
feet above sea-level. 

RESERVOIR ROCKS 
LITHOLOGY 


The oil-bearing sandstones are of a nearly uniform chocolate brown, a 
few samples showing a grayish tone. They contain fossils, mainly brachi- 
opods, which occur in several of the samples examined. In texture, the 
sandstones are fine-grained and, in general appearance and hardness, are 
much like building stones. Thin breaks and films of shale are found in 
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most of the sands. Oil sands from the Richburg and Bradford pools are 
very similar both in hand specimens and in thin sections. 

A petrographic examination of a thin section of a typical producing 
oil sand from a depth of 980 feet in a well at Richburg, Allegany County, 


TABLE II 

Character of material Sree ere 

Tam Clayacande qndseraveliwen a ertecee aciirie pertain elletaes ole: 100 100 
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Bam\WVinite sandetonerandishale semraes acacia cae irre ery 40 170 
APMC GyShial eval GesaldstOme wamraeiem atte ste con a Seccuete ees are 15 185 
pee HOcOlaLesshal caer eemcr ete tebe ere yt eet. Doreen eodeparéte cis ie 5 190 
Gpehedssanastonevand shalexenv.s ciate iet acts eee crercreee oe 16 206 
Pac uocolaveshalerandssanadstone. rvs iarla ate dee cleieis ee ce. 4 210 
Se Gray sandstone containing watetiocn sof. seam eses esis ee 8 218 
QT OW aSATICSLONG e swatstete to lcveten otereit ie inte ala eric escheat: Men whe ehemmneus crete 12 230 
KOMMNCCHSANG LONG ame tne cnsut era niers te eacetaraia ss esvansret ven tesis toys 6 236 
THe CRTC LA LO Me seu rercc ret ee euet Metal dl Weiedburitcusnegei die uarmpharsectel camer ts 30 266 
Taras ALG iene ete rarer rks Feas th cies oe ae ws bg coke tel huase thse maven aier ese 14 280 
Ame natershale- andisandstone awaates cit aaa Senet ie oie: 3 283 
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GMS AV AGATIGSLOLG tte. master ns tenet caret celts tae ese, fa least atone 4 291 
Tome Warkegravesalastomes event oe timiemieaaerrete haa cet clement 7 298 
1G, GUEST ONES Se sce a co ae Sta cate Se RE eaetrn, Serta tte 30 328 
OMCIO HURST AV ESOS Lope net ate Ne gamer rten acs. ysis au sets artes shaye ones 20 348 
Rom Cray slate contalnineisand Shalesiie sma. x-rcrds setae iiss = 21 360 
2Om big hinonayaslaternat cnc tis olen sae = fg, ever acnvedn ors 79 448 
21. Gray shale containing fragments of fossils................ 4 452 
OMS OLEH OTA VASLA LC try. ental ret Ras Stor erties Archos or may ey te etl ar ast afscarahe 31 483 
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25. Gray shale containing fragments of fossils........ ART 4 539 
NOG LAIN ” Risin Ne ores Ban ote o Seana GD ae IES ee en I 540 
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28. Gray shale containing fossil remains..................... 4 596 
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30. Gray shale containing fossil remains ..................¢.. I 618 
PTS Ol GE PEARS HAC marie: tye et nee fels caiclesvertnarra a aap eee 47 665 
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showed an even-grained sandstone, in which the quartz grains occurred 
as subrounded to angular particles, with an average diameter of 0.15 
inillimeter. Some feldspar of both the monoclinic and the triclinic varieties 
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was present. Mica was found in small amounts—both muscovite and 
biotite. There were also present a few black particles which may represent 
decomposed hornblende. There was some secondary calcite resulting from 
the alteration of the silicate minerals. The interstices were partly filled 
with secondary products, such as quartz and calcite stained brownish 
probably by the hydrocarbons present in the pores. 

A thin section of brownish-gray oil sand from Bradford pool at Knapp 
Creek was found on examination to be similar to the Richburg thin 
section, but contained more secondary products of alteration and more 
secondary silica, which cemented the grains to a considerable extent. 


CONTINUITY 


On account of their lenticular nature the thicknesses of the sands 
differ greatly from place to place. In the larger Bradford and Richburg 
pools, however, fairly constant thickness is maintained throughout con- 
siderable areas (Fig. 4). In the more important and larger pools, the re- 
ported thickness of the best producing sands ranges from 30 to 60 feet. 
Thin shale breaks in the oil sands are present in most localities, so that 
actual thickness of producing oil sand is generally overstated in the well 
logs. The average thickness of the sands for all the fields would probably 
not exceed 20 feet. Overlapping of sand lenses at slightly different hori- 
zons in the Chemung formation has caused perplexing problems for 
drillers, and distinctive sand lenses at nearly the same horizon have been 
equally confusing. In some wells these interrupted sands between the 
lenses constitute the dry streak of the drillers. The small size of some of 
the lenses is shown by the fact that a single producing well may be sur- 
rounded by dry holes. The Penny sand, one of the higher producing 
sands, is evidently made up of a series of separate lenses at about the 
same geological horizon. 

POROSITY 

The porosity of the sands that have been tested from both the Rich- 
burg and the Bradford pools is uniformly low. The range in porosity of 
six samples from good producing wells was between 12 and 17, figures 
which may be regarded as fairly representative. Higher porosities have 
been reported in a few cases, and there are some sands in nearly every 
well recorded as productive in which the porosity seems to be much 
lower than the range in porosity given. Variations in porosity of sands in 
the same well at different depths are not rare and are commonly due to 
the presence of shaly material or to greater cementation of the sand grains, 
either of which factors has the effect of lessening the pore space. Even a 
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casual examination of certain samples under the microscope shows the 
presence of shale. In sands free from shale, the quartz grains are very 
fine and the pore spaces correspondingly small. Small pore space is an 
important factor in causing the sand to produce oil slowly and in con- 
tributing to the long life of the wells. ’ 


ORIGIN 


The Chemung sediments which include all of the producing oil sands 
were deposited in comparatively shallow waters of the Appalachian sea. 
The material laid down was derived from the old lands at the southeast 
and east. The marine origin of the sediments is shown by the plentiful 
fossils found in many of the beds of sandstone and shales. The few thin 
beds of impure limestone which occur among the sandstones and shales 
are largely composed of organic remains. Marine fossils also characterize 
the oil sands, and the pearly luster of the brachiopod shells is in striking 
contrast with the dark color of the oil rock. 

Great irregularity in sedimentation is characteristic of most of the 
Chemung formation. Individual beds of sandstone and shale rarely retain 
their lithologic character or thickness for any considerable distance, and 
this lack of persistency of the beds may be readily observed in a single 
outcrop or quarry face. The irregularities and intergradations of the shales 
and argillaceous sandstones of the Chemung formation indicate that they 
originated under conditions which seemed to imply frequent changes of 
currents modified more or less by heavy tidal flows. Normal deposition 
of the transported materials appears to have been frequently interrupted, 
and at times a local shifting and sorting of the sediments resulted in the 
formation of irregular and cross-bedded sand bodies, some of which appear 
to have been sand bars. Coastal lagoon conditions would seem to account 
for some of the peculiar effects of sedimentation observed and at the same 
time to provide a nearer source of the coarser sands, some of which may 
be of delta origin. 

SOURCE ROCKS 

Although the Chemung formation contains plentiful marine fossils, it 
is not believed that much of the oil is of local origin. The source of the 
oil is probably the fossiliferous formations directly underlying the 
Chemung, all of which are composed of or include thick beds of black and 
dark brown bituminous shales. Altogether these dark shales aggregate 
many hundreds of feet in thickness and constitute a well-defined black 
shale series included between the base of the Chemung and the top of the 
Onondaga limestone. In descending order fromthe Chemung the dark 
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shales are found in or comprise the Portage, Genesee, Hamilton, and 
Marcellus formations. 


RELATION OF ACCUMULATION TO STRUCTURE 


The oil fields lie just east of the axis of the great Appalachian geo- 
syncline. The axis inclines gently toward the southwest, and the regional 
dip is in that direction. The local dips are very low and not easily deter- 
mined, but minor anticlinal and synclinal folds are present. Where these 
occur and no salt water is present, the oil is found in the synclines. Ab- 
sence of much salt water from the pools is a noteworthy feature. For the 
most part the pools are not outlined by salt water, and beyond the oil- 
producing limit the sand ordinarily pinches out as in structures of the lens 
type. Where there is a clearly defined dip in the lens structure, only gas 
is found in the higher part. The presence of salt water in some beds either 
directly above or below the sands producing oil may be attributed to 
separate overlapping sand lenses. One or two oil pools are located on 
anticlines or terraces in sands containing salt water beyond the limits of 
the producing territory. 

MIGRATION 

Other than local migration in the few favorable structures found in 
the oil region, there is little evidence that the oil has migrated any con- 
siderable distance in a lateral direction. The irregularity in the character 
of the Chemung sediments and the lenticular nature of most of the sand 
bodies are factors unfavorable to lateral migration. Moreover, in small 
and overlapping but separate lenses, the occurrence of oil and gas, and in 
some places of salt water, can best be accounted for as having been derived 
from the great masses of dark Devonian shales that lie below the oil- 
bearing rocks. 


PHYSICAL AND CHEMICAL CHARACTER OF THE OIL 


The prevailing color of the oil is dark green, and when held against the 
sunlight, a golden green. In a few localities the oil is almost black, and 
on the border of some of the fields a small amount is light yellow. All 
the oils are of a high grade with a paraffin base. Specific gravity at 10° C. 
varies from 38° Bé. to 45° Bé., most operators reporting 42° Bé. Oil, amber 
in color, from some of the wells in the Chipmonk sand, which lies above the 
Bradford sand in Cattaraugus County, is reported to have a gravity as 
high as 47° Bé. The oil from the main sand of the Bradford pool of Catta- 
raugus County is very similar to that of Allegany County. The gravity 
and viscosity of oils from the pools of Allegany County are shown in 
Table III. 
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No analyses of oil showing fractionation by refining without cracking 
are available, but Table IV shows the products from Allegany County, 


TABLE III 
GRAVITY AND VISCOSITY OF Ors, ALLEGANY COUNTY 
< As 
Gravity, Viscosit 
Poot Peni gy Oh gry 
RI ChDUbE eee eee or 40.4 40 
Fords Brook. ..........-..-.++++: 39-4 40 
SCION ee sees is De et oe eee 43-4 34 
IMiacdisom itil Sey eras ees y= eee We? 36 
TABLE IV 


ANALYSIS OF PETROLEUM, ALLEGANY COUNTY 


YEAR 1904 
Percentage 
Benzineranderaso lin enema atte ener Tien 
IR ErOSeMG 26.5 45, aoe eee Sa eee 44.43 
Wiax dis tila teccn sce. een ere ent ea” tee een 24.00 
@ylinderstocks). 3: amare Shee ne ce ee 16.08 
Oss ime reining, eee cke epee orn oe eee te cs A537 
otalet erat. Gee eta cet eet eres 100.00 
YEAR IQ14 
Benzine and casolineae een eer ier 16.50 
IGP OSCH OME sere cor ays ee entre og a cea tc 25.20 
HERD Ce Waon US Seah e aoe Smee He Nr i VN eS ice itn, BOR ac De as 
Tigh tlubricaivts aoe: cra. een see 14.66 
AIT RE wae on, eaten ns Oichers oeeeten ee ee eaee 2.00 
Steam ey litnd er Oller ees arene eee eee 13.86 
TZOSSHIN ER CRIMI GAS eS ce at eee a Age 
fol ee eee cer en ae ont Gun SE Sha Coke 100.00 
YEAR 1924 
Benzine-and’ casolinee ania ee eerie reer 32.49 
KiGLOSCH ena whem ns aie ene ie ee On7 
ire le Oil arr seetee nectar ee ee ee ae 24.58 
Wight lubricants®, tc. ee a ence eee 15.95 
WIDItES WAX vate oe ere On ene he Ree ee oe ih, KO 
Steamycylindentoil Gaecn. eee anne eee 15.45 
osssimaretimitio: anths2, alae nnn eee 3.46 
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New York, petroleum for the years 1904, 1914, and 1924, which may 
prove of interest. 
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OIL PRODUCTION 


Satisfactory statistics of production of oil are not available previous 
to 1891, since in earlier years part of the output, mainly from Cattaraugus 
County, was combined with that of Pennsylvania. Estimates of the early 
production, however, have been made as follows. Published figures of 
production for the whole Bradford field of New York and Pennsylvania 
from 1878 (at which time there were about 250 wells in New York state) 
to 1885, inclusive, show 120,000,000 barrels. On the basis of the Pennsyl- 
vania geological reports, 5 per cent of this amount was credited to New 


TABLE V 
PRODUCTION OF Orn IN New York, 1886-90 


Year Barrels 
5S OMmteeye weet tha rene ly. oe Mane Bee an Ba 2,151,486 
Te Sg ee et Toe it hae Ae eke Pick ae | 2,075,000 
LOS Oa ey ea x7 I, ERG AW Ssh Lah n9 2 nc 1,985,983 
Ske Ohia ge Se lactate ect anor ee aa orm aan here reac? 1,896,966 
ES COME Gee eee ee ose an 1,740,998 
iL Oba Menem eis hott a. tbe ames hi keane 9,850,433 


York, thus giving a yield of 6,000,000 barrels for the period. The Alle- 
gany County production from the opening of the field in 1880 to the year 
1885, inclusive, which covered the flush period in the state, has been pub- 
lished at 18,205,000 barrels. During the flush period, annual production 
exceeded 5,000,000 barrels. The production from all the New York fields 
for the period of 1886 to 1890, inclusive, with the exception of the years 
1888 and 1890, which were inserted by the writers, is from estimates pub- 
lished in the Mineral Resources of the United States. The estimated pro- 
duction is shown in Table V. 

Statistics of production after 1890 are based on published figures from 
reports of pipe-line companies, supplemented by reports from individual 
producers for small quantities of oil not accounted for in the pipe-line 
records (Table VI). 

By way of explanation of Tables V-VII, it may be mentioned that 
the annual increase in production beginning with 1919 is not due to ex- 
pansion of the fields or the finding of new productive sands but rather to 
the introduction of flooding methods which are now being regularly em- 
ployed in many sections of the New York fields. In 1916, when 11,200 
wells were producing, the average yield per well was only } barrel per day. 
In 1926, with approximately 14,000 wells producing, the average daily 
production was about § barrel per day. The 1928 production is the largest 
recorded since 1885, when 2,658,o11 barrels were produced. 
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GAS PRODUCTION 


No reliable figures for production of natural gas from the oil fields are 
available. In the early history of the field large quantities of gas were 
wasted, and present figures of production do not segregate natural gas 
obtained from the oil fields from that of the adjacent gas districts and 


TABLE VI 
PRODUCTION OF OIL IN NEW YORK, 1891-1927 

Year Barrels Year Barrels 
TOOLS na kerala ere 1,585,030 TOLOe eaters chee Sere 1,073,650 
TOO2 3. eee omer G/B. ayn 2 TOUT phoebe tees sce segs 90555314 
TSO310.2 cee a ae hae © 1,031,391 T OUD es ee is vs oe oee 782,661 
T OOM: ecu ernie eee 942,431 TOLZ et Sees Taos 916,873 
TOO Guat sou ky Pig ee kes 912,948 LOLAG I at hire eae ee O335 Ske 
T SOO 2 as ten A en coe I, 205,220 TOLS ny Oe Gare tee 928,540 
LENO 5.33 ea aetaicneh PO, Ono cee 1,270,155 TOLOGM ee tee eee 874,087 
TOC AACE re eee oe TH205n250 TOU eee ee ee Pos 879,685 
ES OO oy au eee alae eae ee I, 320,909 TOTOIa too eae 808 , 843 
LOCOS! sea Re EN & I, 300,925 TOLORA ey ee 851,000 
TOO Ii ie <li eae nes te I, 206,618 EQ20% cr eee ce eee 906 , 000. 
TOO 2p eee ee I, 110),.730 TOOT eee ee ree 988 , 000 
KOO eau cite: cos eae eee I, 162,978 T O22) 300-4 seta tetas es I ,O00 ,O0O 
TOO Merah ig tae eee 1,036,179 TODS aioe) ee eee ee ae I, 250,000 
TOO St.08. Cee ees Meat 049,511 L024 paket ee I,440,000 
TOOOM set ante care ee 1,043,088 TO2G PA eee eed Se raced I, 695,000 
TOO Ne eecaein ven wae Bate ks 1,052,324 TO ZO no eo ee 1,956,000 
TOOStea ae arate roeete eae I, 160,128 TOD7 he ee eee Cee 2,242,000 
TOOO area ee yaa ee eli LOO 5A Oo LODS ogi ned an ere 2,573,000 
sDOta reer atten ee 45,001,724 

TABLE VII 
SUMMARY OF PRODUCTION 

Barrels 
News York bradtorduiieldisn 87.8 5)5 ere eerie ice einen 6,000,000 
Allepany Meld, TS8O58 Soi cconsa's aoa hoes SOON OR oa rns Ree eae 18, 205,000 
AlN ewe MorkrtreldstsrSSO—00m ie tcl ean ieee rn tener ene 9,850,433 
All News York tields* 1r80r—1625 9m, ee oer ee meee 45,001,724 
Mota eter. sienna cogs he Pak cee ee FOsOS as Loy 


that from the lower geologic formations including the Medina sand- 
stone, which is one of the important sources of natural gas. In the early 
history of the field many of the wells in the oil districts produced more 
than 1,000,000 cubic feet of gas per day. At present, most of the pro- 
ducers report that the amount of gas produced is only sufficient for local 
needs on the lease. Companies having a surplus of natural gas deliver it 
to natural gas companies. Natural-gas gasoline is extracted from some 


NEW YORK OIL FIELDS 287 


of the natural gas before being run into the gas pipe lines. Gasoline con- 
tent ranges from 2 to 3 gallons per 1,000 feet of gas. The heating value of 
the gas varies from 1,000 to 1,100 B.T.U. 


WATER 


The general absence of salt water from the oil fields of New York is a 
noteworthy feature. As a rule, the pools are not outlined by salt water; 
and ordinarily, beyond the limits of the productive pools, the sands either 
pinch out or contain gas. Certain exceptions to the general absence of 
salt water may be noted. In an upper sand of the Nile pool, mapped as 
the northern extremity of the Clarksville pool, salt water occurs in a 
syncline. In the Scio pool, which is the most northerly pool and one with 
sands at comparatively shallow depths, the oil-producing area is bordered 
by salt water. In many localities in both the Richburg and the Bradford 
pools, there is a distinct salt-water sand at various horizons above the 
main producing oil sands. Such a salt-water sand is recorded in the log of 
Triangle well No. 1 (Table II). 

The only available analyses of water represent wells where flooding 
methods are employed for increasing oil recovery. In order to show the 
character of the ground water before entering a flood well, and its con- 
trasting character after it has passed through the oil sand and has been 
recovered along with oil in the nearest producing well, the analyses shown 
in Table VIII were made, through the courtesy of the United States 
Geological Survey. 

DRILLING AND PRODUCTION METHODS 

Well drilling is carried on with cable tools and the use of steel or wood 
derricks. In most wells casing is used only to shut off the surface water, 
and may extend into the well for a distance of 500 feet, although in many 
wells 200 or 300 feet of casing is sufficient. Most wells are pumped by old 
‘methods, including “powers and jacks” and “on beam.” In many wells, 
however, gas engines operate air compressors which distribute power to 
the pumps at the wells. 

The cost of drilling and equipping a well 1,000 feet deep does not 
exceed $2,500.00, and, as the maintenance cost is small, wells with very 
low production can be profitably pumped. Nearly all wells are shot with 
nitroglycerine after drilling is completed. 


LIFE AND FUTURE DEVELOPMENT OF THE NEW YORK FIELDS 


Both the Cattaraugus and the Allegany county oil fields have been 
producing for more than forty-seven years. Since 1899, there has been but 
little development of the new territory, nearly all of the new wells being 
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drilled in the old pools between other wells. During the long period since 
these fields have been opened, the limits of the productive areas have been 
rather well established by border drilling. Although a small expansion of 
the present producing areas may be expected through the extension of 
spurs, it is not probable that there will ever be an important increase of 
productive territory. At the south the fields are limited by the Pennsyl- 
vania border, and on the north the Chemung formation containing the oil- 
bearing series reaches the surface within a distance of 25 miles from the 


TABLE VIII 


ANALYSES OF GROUND WATER BEFORE AND AFTER USE IN FLOODING 
PARTIAL ANALYSES—PARTS PER MILLION 


SampLe No. 
I 2 3 4 5 6 
CL ee ae a 22 3,210 121 3.320 36 1,388 
SO} teen eee ee None I ,032 None 215 Trace 448 
FIC OF cok oe 209 245 34 245 143 152 
Cale Sanne: acta 24 500 19 B78 24 IQI 
IEG eerie. Ae one 5 64 Io 4 Io 2I 
INain (Gattis) eee eee 58 1,966 51 I,798 31 gio 
SpGatee 72 Co je accents TOOZ SM eee ee THOOTS? leanne I .0004 


Sample No. 1—Ground water used for flooding on the Rockview lease, Four-mile district, Catta- 
raugus County. Occurs above depth of 400 feet, with top standing at about 30 feet. Sample pumped from 
a depth of 200 feet, in Well No. rr. 

Sample No. 2.—Water pumped with oil from Rockview No. 25, located 178 feet from No. rz, in which 
pape zie: 1 was taken. No. 25 was producing } barrel of oil and 5 barrels of water per day. Sample taken 
rom tank. 


Sample No. 3——Ground water used for flooding on Reed farm, Richburg, Allegany County. Taken 
from Well No. 03, Lot 40. Comes into well between the bottom of the conductor at a depth of 122 feet and 
the top of the casing at a depth of 293 feet. 


_ Sample No. 4.—Water pumped with oil from Reed No. ro, Lot 40, located 149 feet from No. 03. Pro- 
duction at time of sampling, 13 barrels of oil and 9 barrels of water per day. 


Sample No. 5—Ground water being pumped through pressure plant from well on Thornton lease, 
Lot 17, Alma, near Allentown in Allegany County. Pump intake at a depth of 200 feet. 


Serer No. 6.—From producing well, Thornton No. 12, Lot 17, Alma, about 175 feet from ground- 
pools already developed. Neither east nor west of the present fields has 
deep drilling resulted in the finding of any important oil supplies. The 
discovery of a few small outlying pools is the most that can be expected. 
In the territory north of the present producing fields, many wells have 
been drilled, and these have yielded only gas. It is therefore unlikely that 
the oil fields can ever be much extended in this direction. 

The only hope of finding additional supplies of oil of any importance 
in the present fields seems to be by deeper drilling. No deep tests have 
been made in the oil fields; but in the counties on the north, approximately 
1,500 gas wells have been drilled, some of which went as low as the Tren- 
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ton limestone, and two or three wells are recorded as having reached the 
pre-Cambrian. In only a few of these wells has there been a showing of oil, 
although two wells actually had oil production. The deeper formations 
underlying the oil fields may, however, be regarded as untested. 

One of the interesting features of the New York wells is their longevity. 
As previously mentioned, Triangle No. 1 has been producing during a 
period of more than forty-eight years. Other wells are known that have 
produced for more than forty years, and wells that have produced for 
more than thirty years are common. Of the 14,000 producing wells in 
the state, possibly more than half the number have produced for a period 
exceeding twenty years. The fineness of the sand, the low porosity, and the 
low but ever-present gas pressure are the important factors contributing 
to the long life of the wells, while the low cost of upkeep and the high 
grade of oil produced make the pumping of the wells profitable even after 
daily production is but a small fraction of a barrel. 

The future life and production of the oil fields are dependent on several 
factors that do not apply to fields using the ordinary or natural methods 
of production. Before the introduction of flooding methods, when the 
annual production in the state had decreased to approximately 750,000 
barrels, it seemed that the end of life of the fields was close at hand. Under 
favorable conditions, however, the results of flooding give additional 
recoveries ranging from 2,000 to more than 5,000 barrels per acre. A 
conservative estimate of future production is 85,000,000 barrels as against 
past production of 79,000,000. Much larger estimates have been made, 
but these have been based on the assumption that favorable conditions 
for flooding will be found to exist in practically all the areas where flood- 
ing has not yet been tried. Should favorable conditions for flooding be 
found in all of the important pools, future production may exceed 
300,000,000 barrels. Because the floods travel slowly—from 50 to 200 
feet per year—it would seem that even with an intensive program of 
flooding, the fields will continue to produce for a period of 50 years or 
more. In addition to flooding methods, a more extended use of air, nat- 
ural gas, and other new and improved methods for obtaining additional 
quantities of oil, together with cost of production, will be important fac- 
tors in determining the length of time the fields will be productive. 

« Since the foregoing was written, a test well 2 miles north of Richburg, Allegany 
County, at a depth of 4,oro feet at the horizon of the Tully limestone, on Sept. 15, 
1928, encountered a flow of gas ranging in amount from 4,500,000 to 5,000,000 cubic 
feet daily. The well also produces about 25 barrels of high-gravity oil daily. Another 


deep well is now being drilled in the Richburg field; and others, some of which may be 
drilled to the Trenton limestone, will be commenced in the near future. (C.A.H.) 
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Ardmore, Oklahoma 


ABSTRACT 


The Hewitt field is the second largest field in southern Oklahoma. It is an example 
of an anticline overlying a buried hill. The rocks at the surface are Permian Red-beds. 
The oil is found in sands of Pennsylvanian age. 

The discovery well in the Hewitt field was located on the basis of surface geology. 
Later development, however, proved the subsurface “high” on the top of the first 
Hewitt sand to be considerably north of the well. 

The maximum production was reached in the month of September, 1921, when the 
daily average was 43,902 barrels. At the end of 1927 the field had produced 19,786 
barrels per acre. It is estimated that at the end of 1941 the total yield per acre will be 
27,301 barrels. 


LOCATION 


The Hewitt oil field covers approximately 4.8 square miles in Secs. 9, 
10, 15, 16, 21, 22, 23, 27, and 28, T. 48., R..2 W., Carter County, Okla- 
homa, 15 miles west and 2 miles north of Ardmore. It is 2 miles east of 
the eastern edge of the Healdton oil field, 3 miles south of the Wheeler 
oil field, and 6 miles south of the Graham oil field. The ‘Southeast exten- 
sion” of the Hewitt field is near the northwest corner of Section 36, r mile 
southeast of the main field. 
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This field was discovered on June 5, 1919, by The Texas Company’s 
A. E. Denny No. 1, NE. 4, NW. 4, NW. 4, NW. + of Sec. 27, which found 
an oil sand from a depth of 2,100-2,134 feet. The initial production was 
4to barrels. This well proved to be one location from the southwestern 
corner of the field. 

William J. Millard discovered the Hewitt anticline for The Texas 
Company in October, 1916. The original dip-and-strike map is reproduced 
in Figure 1. His interpretation of the geology, as judged from the map, 
was that the Healdton field, then ending in Sec. 13, T. 4S., R. 3 W., would 

_extend across the Hewitt area as far east as Section 26, with high points 
in Sections rg and 21. Before the Hewitt discovery well was commenced, 
it was found that Healdton was defined on the east by thinning of the 
producing sands. The exact location of the discovery well was selected 
because of lease conditions. 

Hewitt was developed rapidly in the shallow-sand zone of the first 
producer, and on September 30, 1920, there were 235 wells producing 
31,020 barrels a day. After the deeper pay zones were discovered in 
November, 1920, a new period of excitement led to an intensive drilling 
campaign in 192r. A maximum production was reached in September of 
that year, when 570 wells produced 43,902 barrels a day during the 
month. On December 31, 1927, there were 806 wells producing 9,075 
barrels of oil daily. 

In June, 1922, Baker and Strawn in their Dillard No. 8-B, 1,610 feet 
east and 290 feet south of the northwest corner of Sec. 22, T. 4 S., R. 2 W., 
discovered deeper oil in secondary limestone from 2,863 feet to 2,878 feet. 
The initial production of the well was 450 barrels. Approximately 24 
wells were drilled in the vicinity of the Baker and Strawn discovery in 
search of this deep production. The Carter Oil Company’s Noble No. 33, 
SW. i, NE. 4, NE. 4, Sec. 21, T. 4 S., R. 2 W., was the most sensational 
well, making 14,000 barrels initial production from “pay” at a depth of 
2,941-43 feet. On account of the quick decline of this limestone produc- 
tion, the search for this oil was soon abandoned. It has been only a small 
factor in the production of the field. 


GENERAL GEOLOGY 


Hewitt is in the regional syncline of Permian Red-beds. It is 12 miles 
southwest of the Arbuckle Mountains, where the unconformable contact 
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of these rocks and the underlying Pontotoc series of uppermost Penn- 
sylvanian age and the older Pennsylvanian rocks may be observed. The 
thickness of Red-beds is 200 feet in the center of the field and approxi- 
mately 1,300 feet on the edges.‘ An isopach map of the Red-beds was 


Fic. 1.—Dip and strike map of surface rocks at Hewitt oil field, T. 4 S., R. 2 W., 
Carter County, Oklahoma. 


published by Hubbard.? Regional structure in the Permian can be recog- 
nized from surface outcrops, as shown in the Geological Map of Oklahoma,’ 
and the anticlinal folds overlie anticlines in the Pennsylvanian strata. 

*G. E. Burton, “Relation of the Base of the Red-Beds to the Oil Pools in a Portion 
of Southern Oklahoma,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 5, No. 2 (1921), 
PP- 173-77. 

2'T. E. Swigart-and F. X. Schwarzenbek, op. cit., Fig. 4. 

3U.S. Geol. Survey (1926). 
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However, the obscurity of detailed relation between structure at the sur- 
face, as shown in Figure 1, and the thickness of the Red-beds, as revealed 
by drilling, and also the Pennsylvanian structure, indicate that in Permian 
time the Pennsylvanian folds were probably hills over which the lower 
Permian beds did not extend. 

Pennsylvanian beds underlie the Red-beds. The highest is the Pon- 
totoc series,’ which ranges from 4oo feet in thickness on the anticline to 
1,100 feet on the edges of the field. It consists of approximately 65 per 
cent shale, 15 per cent sand, 15 per cent sandy shale, and 5 per cent lime. 
Most of the sands contain water, but some gas was found by the early 
wells. 

A zone of blue shale with a uniform thickness of 300 feet extends 
throughout the field. It is correlated with the Deese formation of the up- 
per Glenn group. 

The main oil-bearing zone is 700 feet thick and belongs to the Deese 
formation. The oil sands of the Healdton field are probably also in this 
zone. 

Unconformably beneath the oil sands deep wells have penetrated 
Caney shale or Woodford chert (Chattanooga shale). Older rocks have 
not been found in available cuttings. The highest buried peaks of these 
rocks are approximately 2,800 feet below the surface. Very few cuttings 
from these wells are available; therefore, the structure of the pre-Penn- 
sylvanian rocks cannot be deciphered. 


PRODUCING HORIZONS 


Shallow gas sand.2—During the development of the field a gas sand 
with an average thickness of 20 feet was found in the NE. ¢ of Section 
22 at a depth ranging from 250 to 400 feet, with an average thickness 
of 20 feet. It is approximately 1,000 feet above the Hewitt oil sand. 
This sand is in the top of the Pontotoc series and is cut off on the north 
and east by truncation and overlap of the Red-beds. On the south and 
southwest it carries water. Gas was not found in commercial quantities, 
and oil in a few wells was heavier than that in the deeper sands. 

The 600-foot gas sand.—Another sand in the Pontotoc series, at a depth 
of 600 feet in a sandy zone go feet thick, yielded gas wells and a few oil 


=R. A. Birk, “The Extension of a Portion of the Pontotoc Series around the 
Western End of the Arbuckle Mountains,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 9, 
No. 6 (September, 1925), pp. 983-89. 

2 Descriptions of these sands are abstracted from T. FE. Swigart and I’, X. Schwar 
zenbek, op. cil. 
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wells in the N. 4 of Section 22. The sand was not found in Section 15, 
due to pinching-out. 

Stray sands.—Several sands were noticed above the Hewitt sand, one 
being 280 feet and another 70 feet above this sand, They are in the 
Deese formation. ' 

Hewitt sand series.—The first Hewitt sand was the principal producing 
horizon until deeper sands were discovered. It is continuous and is found 
at a depth of 1,200 feet on the apex of the anticline in the center of the 
N. 4 of Section 22. On the north line of Section 27 it is 2,000 feet, or 
more, below the surface, indicating a dip of 1,200 feet to the mile, except 
where interrupted by faults. Oil is produced from this sand on the south- 
west flank of the anticline 1,000 feet, or more, down the dip. The thickness 
of the sand ranges from 30 to 60 feet. 

The Hewitt sand series, as defined by the Bureau of Mines, is 700 feet 
in thickness and contains seven recognized oil sands without intervening 
water sands. The distribution, thickness and productivity of the sands 
below the first sand are variable. Rotary drilling methods and production 
tests of several sands at once add to the difficulty of distinguishing in- 
dividual sands. The depths of these sands below the top of the first Hewitt 
sand are as follows: second, 70-100 feet; third, 170-200 feet; fourth, 
300 feet; fifth, 400 feet; sixth, 640 feet (depth below the surface approxi- 
mately 2,300-2,350 feet near the center of Section 22); seventh, 700 
feet: 

Gusher production was found in the erosional zone between the 
sands of the Deese formation and the pre-Pennsylvanian rocks. Much of 
this production came from a thick porous limestone at depths ranging 
from a few feet to 170 feet below the top. The depth of production in this 
zone ranges from 2,800 feet to 3,075 feet with initial production ranging 
from 20 to 14,000 barrels a day. Showings of oil are reported as deep as 
3,042 feet, but it is not known whether they are in this erosional zone or in 
the underlying rocks, 

STRUCTURE 

Hewitt is an anticline with a north-south axis extending through 
Sections 1§ and 22, as shown in Figure r. The anticline in the Red-beds 
has dips ranging from 30 to 4o feet to the mile. It is more steeply folded 
in the underlying Pontotoc series and still more steeply folded in the upper 
Glenn group, with dips of 1,200 feet to the mile. The anticline overlies a 
rim of these truncated and older rocks dipping northward, the Hewitt 
Hills, comparable with the buried Healdton Hills under the Healdton oil 
field, but not as deeply truncated as the latter hills. This older ridge 
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resembles in form a hogback and at Healdton is bounded on the south and 
southwest by a fault or by an erosional scarp. The entire feature has been 
referred to by Sidney Powers’ as the north rim of the buried southeastern 
extension of the Wichita Mountain system (Fig. 2). It is separated from 
the Arbuckle Mountains by a deep synclinal trough of Pennsylvanian and 
Permian beds which have been folded into closely compressed, elongate 
anticlines and synclines. The Wheeler, Graham, Fox, Sholem Alechem, 
Tatums, and other oil fields have been developed on these anticlines. 
South of the Healdton Hills, west of the Criner Hills, and north of the 
Hambro oil field, no folds have been proved to exist. 


GEOLOGIC HISTORY 


The Arbuckle-Wichita Mountains section of Paleozoic rocks was 
deposited in the Red River area. The recent discovery of Viola lime- 
stone in north-central Texas by M. G. Cheney? indicated that the 
complete Paleozoic section, formerly thought never to have been de- 
posited in that part of Texas, was probably present at one time. Up- 
lift of the mountains in Oklahoma and of the Red River arch along Red 
River took place after the deposition of the Springer formation (Penn- 
sylvanian Caney shale) and during early Glenn time. The upper Glenn 
(Deese formation) transgresses the folded and beveled edges of the buried 
part of the Criner Hills and contains conglomerate derived from Ordovi- 
cian limestones. Pre-upper Glenn Pennsylvanian strata have not been 
found by drilling southwest of the Criner'and Healdton hills. 

A second uplift is proved by the unconformity between the Pontotoc 
series and underlying Glenn formation, as observed at Hewitt and else- 
where. 

A third uplift followed deposition of the Permian Red-beds, but fold- 
ing of these beds was such as to show regional movements; and the local 
structure which can be mapped in them at the surface and by core drills 
is in many places merely cross-bedding, or else it represents structure 
which extends through the Red-beds only or through them and the 
underlying Pontotoc series only. 

Trinity sand of lower Cretaceous age formerly covered the Hewitt 
area but has been removed by erosion. Post-Cretaceous diastrophism has 


« Sidney Powers, “Age of the Folding of the Oklahoma Mountains—the Wichita, 
Arbuckle, Ouachita Mountains of Oklahoma, and Llano Burnet and Marathon Uplifts 
of Texas,’ Bulletin Geol. Soc. Amer., Vol. 39 (1929). 

2“Pre-Mississippian Production in Texas,” Oil and Gas Jour. (April 12, 1928), 
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consisted largely of warping. There have been readjustments of drainage 
to structure, but they are very obscure. 


fom) 


Datum-Top of first Hewtt 
sand 


Fic. 2.—Subsurface structure of Hewitt field, T. 4 S., R. 2 W., Carter County, 
Oklahoma, modified from map by W. I. Hubbard of the Humble Oil and Refining 
Company, as published in “Oil and Gas Geology of Carter County, Oklahoma,”’ Okla- 
homa Geol. Survey Bull. 4o-Z (1928), p. 45. Width of area mapped, 3 miles. 
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SOUTHEAST EXTENSION OF HEWITT OIL FIELD 
Approximately 1 mile southeast of the southeastern end of the Hewitt 


oil field there is a productive area generally known as the “Southeast 
extension.” The production comes from the same section of rocks as does 


Datum-Top of first Hewitt 


Fic. 3.—Subsurface structure of Southeast extension, Hewitt field, T. 4-5 Ss 
R. 1-2 W., Carter County, Oklahoma. Width of area mapped, 3 miles. 
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Fic. 4.—Production curve, showing average production per well per day, in barrels, from 
191g and estimated to 1941. See Table I. 
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the production in the main Hewitt pool, except that rocks older than 
Pennsylvanian have not been found. The writer’s idea of structural con- 
ditions is shown in Figure 3. The contours are drawn on top of the first 
Hewitt sand. The production is associated with a rather long, narrow, 
northwest-southeast-trending fold. The fold seems to be cut off abruptly 
at the northwest end of the pool by a northeast-southwest trending fault. 


PRODUCTION 
Table I shows the production of the Hewitt field and the Southeast 
extension up to the end of 1927,as well as the estimated future production. 
Figure 4 shows the production curve. Up to the end of 1927, Hewitt and 
the Southeast extension has produced 60,349, 876 barrels of oil. By carry- 
ing the production curve to that point where the average production per 


TABLE I 
YEARLY PRODUCTION, IN BARRELS, HewirrT FIELD 


Producin, Average . Cu iv 

Year Wells Days 8 pe ve Yearly Production Se 
TORO a toys seve sel vr 521 340.0 177,876 177,876 
TO ZO Meters cles = 396 57,049 130.0 7,426,000 7,603,876 
G2 Lise vase wietorc le 2 605 201,017 64.5 I3,095,000 20,698, 876 
O22 ciate. : 692 240,756 44.4 10,690,000 31,388,876 
TO2ZGS Sion See ein Nooit 733 263,586 33.0 8,695,000 40,083,876 
TO DAE hs waters canoer 796 285 , 882 24.2 6,905,000 46,988,876 
TOD Ger. crear cals wee 809 296,480 18.0 55315, 000 52,303,876 
LO ZO serv sonar et 793 291,509 14.4 4, 202 ,c0o 56,505,876 
TO 27 rc eka ae 806 292,311 11 3,844,000 60,349,876 
Opke Ae aaa ab eee 808 205,728 ne: 3,380,000 63,729,876 
TO 20m te sie oe 808 294,920 9.8 2,880,000 66,609,876 
HOG (Cle \eea daa cote! vteleks) 589,840 7.6 4,500,000 71,109,876 
TOSS (EStameey, a aly OOS 590,648 5-9 3, 500,000 74, 609,876 
TO35 (est=)ee ene SOS 589,840 4.7 2,760,000 77,369,876 
LOS 74 (CSts) kines el) 3898. 590,648 3.9 2, 300,000 79,669 ,876 
TO30) (Esti )enes ager 2 | SOS 589,840 Be 1,950,000 81,619,876 
MOAT(ESte ee. mtean |) SOS 590,648 2.8 1,650,000 83, 269,876 


well per day is 2.8 barrels, it is estimated that the area, with present 
methods of production, will produce an additional 22,920,000 barrels. 
There are 3,050 producing acres in this area. Up to the end of 1927, the 
yield per acre was 19,786 barrels. At the present rate of decline, at the 
end of the year 1941 an additional per-acre yield of 7,515 barrels will be 
produced, making the total yield per acre, 27,301 barrels. The actual and 
the estimated productions are shown in Table I. 

The Hewitt pool came in and produced a large part of the flush pro- 
duction when the price of oil was comparatively high; consequently, it 
has made considerable money for the operators. 
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ABSTRACT 


The Cromwell field occurs in a belt or zone of en échelon faulting as expressed in the 
surface sediments which are composed of sandstone and shale belonging to the Francis 
formation of Pennsylvanian age. The surface irregularities and faulting are believed 
to be a reflection of subsurface folding, and possibly subsurface faulting. The Cromwell 
sand (Lyons sand) of Pennsylvanian age has been the source of practically all of the oil. 
The “Wilcox” sand, which is one of the sand members of the Simpson formation of 
Ordovician age, has produced a small amount of oil. The Cromwell and the “Wilcox” 
sands are found at average depths of 3,400 feet and 4,150 feet, respectively. The 
migration of oil up the dip from the west has been intercepted by two subsurface 
structural features, namely, a fault with more than 214 feet of displacement and a 
dome with 70 feet of closure. Production bears a close relation to these structural 
features, and there would have been a closer relation had local sand conditions not inter- 
fered. 


LOCATION 


The Cromwell field is located in T. ro and 11 N., R. 8 E., Seminole 
and Okfuskee counties, Oklahoma, It is 12 miles northeast of the 
Seminole City field of the Seminole district and 15 miles north of the 
Wewoka field. 

HISTORY 

The discovery well of the Cromwell field was drilled by the Cosden 
Oil and Gas Company (now the Mid-Continent Petroleum Corporation) 
on the J. Willis farm, and was located in the southeast corner of the NW. 
4 of Sec. 15, T. 10 N., R. 8 E. (Fig. 2). On November 13, 1922, this well 
was completed as a gas well, making 30,000,000 cubic feet daily and a 
spray of oil. The producing horizon, later designated as Cromwell sand, 
was encountered at a depth of 3,456-66 feet. August 3, 1923, Jarvis and 
Holm, drilling in the northeast corner of the SE. } of Sec. 21, T. 10 N., 
R. 8 E., drilled into sand at 3,482 feet and had 3,200 feet of high-grade 
oil in the hole. They were unable to complete their well for some time, 
owing to the lack of tankage and pipe-line connections. The Cromwell 
Oil and Gas Company completed the first oil well of the field, as their P. 

* Manuscript received by the editor, October 27, 1928. 

2The Pure Oil Company. 


300 


CROMWELL FIELD, OKLAHOMA 301 


Bruner No. 1 began flowing in October, 1923, and on November 21 was 
flowing 330 barrels, natural. This well, completed in sand at 3,467-3,501 
feet, is located in the northwest corner of the NE. Tigo Wa Ol SEC. 1S 
T. 10 N., R. 8 E. (Fig. 2). Correlation of the producing horizons encoun- 
tered in these three wells proved that the sands were the same, and the 
name “Cromwell sand” was designated for this pay sand in honor of J. I. 
Cromwell, president of the Cromwell Oil and Gas Company. The Crom- 
well sand is correlated with the Lyons sand of the Lyons pool in Sec. 2s, 
T. 11 N., R. rz E., and with the Papoose sand of the Papoose pool in T. 
9 N., Ro E. 

Development extended rapidly toward the north, west, and south, 
and in August, 1924, reached its peak, which was slightly in excess of 62,- 
ooo barrels daily from 84 wells (Fig. 7). In August, 1928, 387 wells were 
producing 9,300 barrels daily. To September 1, 1928, the field had pro- 
duced 35,066,000 barrels. The gravity of the oil varies from 38° to 40° 
Bé. In nearly all wells the oil was preceded and accompanied by large 
volumes of rich gas which had an average gasoline content of 4.2 gallons 
per 1,000 cubic feet of gas. In some wells the gasoline content amounted 
to as much as 8.84 gallons per 1,000 cubic feet of gas. During the course 
of drilling, other possible oil horizons were tested. Several wells located 
in Sec. 33, I. 11 N., R. 8 E. produced from 25 to 150 barrels, from a 
sand near the base of the Calvin sandstone, ranging from 1,850 to 1,900 
feet in depth. The Booch sand, which is encountered from 3,000 to 3,200 
feet in Secs. 15 and 22, T. 10 N., R. 8 E. (see Figure 1, between 3,030 and 
3,060 feet), had excellent showings of oil and gas, a few wells having 
produced several million cubic feet of gas a day. Some of the wells in the 
field produced small quantities of oil from the Gilcrease series (see Figure 
1, between 3,190 and 3,230 feet). The largest of these wells was the Inde- 
pendent Oil and Gas Company’s H. Harjo No. 1, in the southeast corner 
of the NW. i, NE. + of Sec. 21, T. 10 N., R. 8 E., which produced 300 
barrels per day from a sand at a depth of 3,376-96 feet. Commercial pro- 
duction of oil below the Cromwell sand was found in the “Wilcox” sand 
member of the Simpson formation, ranging from 4,000 to 4,200 feet on 
the dome in Sec. 33, T. 11 N., R. 8E. (Figs. 1 and 3). The Continental Oil 
Company’s Pierce No. 4, in the northwest corner of the SW. 4, SE. { of 
Sec. 33, T. 11 N., R. 8 E., produced 1,440 barrels a day after being shot, 
and was the best producer in this horizon. The gravity of oil from the 
“Wilcox” sand is 37.1° Bé. The dome in Sec. 33, T. 11 N., R. 8 E, is the 
only locality in which there is commercial production of oil from the 
“Wilcox” sand, all other ‘‘Wilcox” sand tests in the field being dry. 
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Only two papers referring to the Cromwell field have been written, 
one by C. O. Rison and J. R. Bunn, the other by O. R. Grawe.’ 
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STRATIGRAPHY 


The stratigraphy of the Cromwell field is illustrated in Figure 1. 
Cuttings were collected from many wells in the field as they were drilled. 
In one particular case a standard cable-tool well near the center of the 
field was selected and cuttings were saved from each five feet of hole 
drilled from the surface of the ground to the total depth of the well. The 
stratigraphic column shown in Figure 1 is the result of intensive paleon- 
tological study of all of these cuttings by Horace N. Coryell, paleon- 
tologist of Columbia University, and Ira H. Cram, paleontologist of The 
Pure Oil Company. 

SURFACE GEOLOGY 
REGIONAL LOCATION 

The surface rocks of Seminole and Okfuskee counties dip normally 
toward the west or northwest, interrupted by irregularities, the most 
prominent of which are three belts or zones of en échelon faulting. These 
fault zones, ranging from 30 to 100 miles in length, trend N. 6°-12° E., and 
are from 10 to 12 miles apart. The individual faults, ranging from $ mile 
to 3 miles in length, are of the normal type, and their strike is N. 20°-45° 
W. The western zone of faulting includes the Little River, Bowlegs, 
Seminole City, Searight, Paden, Depew, and West Bristow fields. The 
Wetumka and Yeager fields are on the eastern zone of faulting. Between 
these two zones is a third zone of faulting on which the Cromwell field is 
located. Within this zone are also the Wewoka and East Bristow fields. 


SURFACE STRUCTURE 


The surface-structure contour map of the Cromwell field (Fig. 2) is 
the result of plane-table mapping on sandstone outcrops belonging to the 

* “Petroleum Engineering in the Cromwell Oil Field,” U.S. Bur. of Mines and 
Office of Indian A ffairs (December 1, 1924), 38 pp. 


2“Vhe Stratigraphy and Structure of the Cromwell Field, Oklahoma,’’ manuscript 
read before the Amer. Assoc. Petrol. Geol. at the San Francisco meeting, March, 1928. 
Abstract published in program. 
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STRATIGRAPHIC COLUMNS CROMWELL FIELD 
COMPILED FROM EXAMINATION OF WELL CUTTINGS 
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Fic. 1.—Stratigraphic column, Cromwell field. 
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Mf 


TOWNSHIP. 


TOWNSHIP 10 NORTH 


NO EXPOSURES 


Tic. 2.—Surface structure of Cromwell field. Average normal dip of surface rocks 
is northwest, 80 feet per mile. This dip is interrupted by a zone of en échelon faulting. 
Contours are above sea-level. Contour interval, 1o feet. 
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Francis formation. The contours are above sea-level, and the interval is 
10 feet. Where control was positive, the contours are shown as solid lines. 
In many places the sandstone had slumped, weathered, or entirely dis- 
appeared, and correlations became so difficult and questionable the writer 
thought it advisable to dash the contours. 

A zone of en échelon faulting interferes with the normal dip of the sur- 
face rocks, which averages 80 feet per mile toward the northwest. The 
throw of the individual faults ranges from a few feet to 70 feet, and the 
downthrown side may be either on the east or on the west. Only a few 
slickensided surfaces of the sandstone were observed. Veins of silica or 
calcite are present in the sandstone bordering some of the faults. 

Such veining is indicative of deep fissuring, which is generally accompanied 
by some displacement, although the displacement may be very small. If the 
cementation and formation of the veins were a purely surface phenomenon, one 
might expect the joint cracks in the rocks to show the same cementation. The 
fact that these fissures contain minerals not present in the joint cracks of the 
surface rocks is suggestive that the cementing material may have come from a 
deep-seated source, the solutions possibly rising along fissures that very likely 
were formed by stresses which produced actual displacement or faulting. 


Veins were detected where they seemed to indicate fracturing of the sur- 
face rocks, and no displacement could be observed. As the sandstone out- 
crops were all similar, and in many places poor, the throw of the faults 
necessarily had to be determined by tracing the outcrops around the ends 
of each fault. Various noses and terraces in connection with these faults 
form the surface structural features of this field. 


SUBSURFACE GEOLOGY 


The subsurface structure of the Cromwell field is shown in Figure 3. 
The contours are drawn on the top of the Cromwell sand below sea-level, 
and the interval is 10 feet. The two main structural features are readily 
observed. The large fault with more than 214 feet of downthrow toward 
the east is equivalent to the same amount of east dip or reversal, and 
forms the closure of the south part of the field. The main structural 
feature of the north part of the field is the dome in Sec. 33, T. 11 N., R. 
8 E., which has 70 feet of closure. To illustrate the large fault and other 
conditions found in the Cromwell sand, a west-east cross section (Fig. 4) 
was drawn along line B-B of Figure 3. This gives an idea of the thickness 
of the sand, the amount of sand occupied by gas, and the amount of sand 


« Personal communications from Philip S. Smith, acting director, U. S. Geol. 
Survey, and K. C. Heald, November 12, 1922, and A. FE. Fath, November 3, 1928. 
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considered oil “pay.” The gradual rise of the top of the Cromwell sand 
and the increase in thickness eastward is observed, and finally the fault 
is encountered. Since all of the producing wells made considerable gas, 
the logging of the formations is rather questionable in some wells where 


it was impossible to get cuttings, the gas having blown the cuttings out 
of the hole. 
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Frc. 4.—Cross section B-B (Fig. 3), showing large subsurface fault which is the 
main structural feature of the south half of Cromwell field. The fault has a downthrow 
toward the east of more than 200 feet, this being equivalent to 200 feet of closure. 


y—fault-Plane 


In comparing the faults in Figures 2 and 3 it is readily noticeable 
that the surface faults do not carry down through the Cromwell sand. 
The large subsurface fault (Fig. 3) is not in alignment with any of the 
surface faults, but instead crosses them at an angle and has its down- 
thrown side on the east, which is the reverse of the surface faults at this 
locality. Nevertheless, it is the writer’s opinion that the surface fractur- 
ing and faulting is a result of subsurface folding, and probably subsurface 
faulting. The thickness and kind of sediments, together with forces acting 
at different times and in different directions, make it unnecessary to have 
subsurface faults directly in line with surface faults. With these same 
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facts in mind, we may expect subsurface folding (without faulting) to de- 
velop fractures or faults on the less competent surface rocks. Opposed to 
this, we may expect subsurface faults which will diminish upward and 
result only in a surface fold. 

A south-north cross section (Fig. 5) along line .A-A of Figure 3 is 
drawn through the dome of the north part of the field and shows the rela- 
tion of the ‘‘Wilcox” sand to the Cromwell sand. The intervening for- 
mations are shown but are not entirely accurate, as cuttings were not 
kept and logging is probably poor. In drilling the “Wilcox” sand, small 
amounts of gas were first encountered; and on drilling farther into the 
sand body, the drill penetrated the oil ‘‘pay.”” This sand body is believed 
to be equivalent to the oil “pay” of the Simpson sand in the St. Louis 
field of the Seminole district. Careful examination of Figures 1 and 5 
will reveal another sand body immediately above the “Wilcox” sand, 
separated from it by only a few feet of lime or sandy lime. This upper 
sand body is considered the equivalent of the main producing sand (Simp- 
son sand) of the Seminole City, Searight, Bowlegs, and Little River fields. 
One of the most interesting facts brought out by subsurface work in this 
region is the convergence toward the northwest, mentioned and best illus- 
trated by A. I. Levorsen.! This convergence between the Calvin sand- 
stone and the top of the Cromwell sandstone is approximately go feet to 
the mile. There is no evidence of convergence below the Cromwell sand 
in this field. The convergence is in sediments of Pennsylvanian age. 


RELATION OF ACCUMULATION TO STRUCTURE 


The chart (Fig. 6) gives the initial daily production from the Crom- 
well sand, and the contour interval is 1,000 barrels per day except for 
the 500-barrel-per-day contour, which is dashed. In the absence of figures 
on production per acre, the initial production chart when compared with 
Figure 3 gives as true a conception of the production and its relation to 
structure as is obtainable. In this pool where the wells drilled into a 
large gas reservoir before encountering the oil “pay,” it was natural that a 
tremendous amount of gas accompanied the oil in the flush stage of the 
well. For this reason very little shooting was necessary, and inasmuch as 
the air-gas lift was not in use at the time, the initial-production figures 
give a reasonably accurate idea of the flush production. This chart (Fig. 
6) shows that the field is divided into two distinct areas according to 
initial production. 


*“Convergence Studies in the Mid-Continent Region,” Bulletin Amer. Assoc. 
Petrol. Geol., Vol. 11, (1927), pp. 657-83. 
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Fic. s5.—Cross section A—A (Fig. 3), drawn through the dome in Sec. 33, T. 11 N., 


R. 8 E., which is the main structural feature of the north part of Cromwell field. The 
relation of Cromwell and “Wilcox” sands is shown. 
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A partial summary of the southern area shows that one well had an 
initial production of more than 5,000 barrels, twelve wells had an initial 
production of more than 3,000 barrels, and eighteen wells had an initial 
production of more than 2,000 barrels per day. In the northern area, one 
well had an initial production of 4,000 barrels, two wells had an initial 
production of more than 3,000 barrels, and thirteen wells had an initial 
production of more than 2,000 barrels per day. A study of the contours 
shows the variation in production, and it is readily seen that many wells 
favorably located structurally were small producers. 

First let us consider the southern area in which development began. 
The first commercial oil well was located in the northwest corner of the 
NE. §, SW. { of Sec. 15, T. 10 N., R. 8 E., and development spread rapidly 
toward the south, north, and west. This being the fact, why was such 
good production obtained in the northwestern part of the area which was 
drilled much later than the area on the southeast? The only explanation 
is a good sand condition. Erratic sand conditions are more evident in the 
Cromwell field than in most fields. Wells on the extreme western edge of 
the field are located low structurally, being near the— 2,600-foot contour 
which was the approximate water level of the field; and it is thought that 
this is the main reason for the small production. Other factors which 
should be considered are late date of completion (exhaustion of the gas), 
thinning of the sand westward, and local sand conditions. A comparison 
of Figures 3 and 6 shows that only small production was obtained on a 
structural “high” extending southwest from the center of the NE. 4, 
NW. 1 of Sec. 10, T. ro N., R. 8 E. On the greater part of this “high,” 
initial daily production amounted to less than 500 barrels per well, and a 
number of dry holes were drilled. The dry holes were completed with 
other wells that were drilled, and the lack of oil can not be attributed to 
the late date of completion or the exhaustion of gas. Samples from two of 
the dry holes in the southeast quarter of Section 9 showed the Cromwell 
horizon to be limestone, and cuttings on a third well showed the Cromwell 
horizon to be a sandy lime. Therefore, the principal explanation for lack 
of production on this structural “high” is the erratic condition of the sand 
body, which in at least two places graded laterally into limestone. Late 
date of completion of several wells caused them to be small producers, but 
this is of secondary importance as compared with local sand conditions. 
Several dry holes are shown along the fault on the upthrown side, where 
we should normally expect production. Although cuttings from these 
wells have not been examined, it is believed that late date of completion is 
largely the cause of their being failures, as they were completed seventeen 
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months after the completion of the first oil well. Previous to the comple- 
tion of the discovery oil well, two gas wells east of the discovery oil well 
had been completed in the Cromwell sand, and it was natural that the 
drilling campaign should proceed westward. The McMan No. 4, located 
near the fault (Fig. 4), best illustrates the condition. The McMan No. 1, 
the west offset to No. 4, was completed August 19, 1924, making 99,000- 
000 cubic feet of gas and 1,200 barrels of oil. The McMan No. 4, located 
higher structurally and probably with similar sand conditions, was com- 
pleted January 19, 1925, as a dry hole, having had only 5,000,000 cubic 
feet of gas. 

Let us now consider the northern area. All the wells on the dome in 
Sec. 33, T. 11 N., R. 8 E., produced less than 500 barrels of oil per day 
from the Cromwell sand. Cuttings from several wells showed that the 
sand was very tightly cemented and contained considerable lime. One 
well on this dome produced 60,000,000 cubic feet of gas per day, and 
others produced smaller amounts of gas. It is reasonable to expect that 
the top of this dome should be filled with gas; but as other wells were 
drilled, the small amount of gas and oil obtained in each well indi- 
cated very clearly that the controlling factor in the lack of production 
on this dome was the tight limy sand condition. Since the progress of 
drilling was from the south and southeast toward the north and west, it 
is logical to conclude that diminished gas volume caused the structurally 
high wells west of this dome to be small producers, even though the sand 
conditions became better. Other factors which have caused larger pro- 
duction east of this dome are the greater thickness of sand, consequently 
a larger oil reservoir, and the probability of more porous conditions within 
the sand body. 

A comparison of the Cromwell sand producing area (Fig. 3) with the 
surface geology (Fig. 2), shows that there is a relation to the fault zone. 
The producing area occupies the larger part of the fault zone in Secs. 3, 
ro, and 15, T. 10 N., R. 8 E., a part of Sec. 34, T. 11 N., R. 8 E., and ex- 
tends westward from the fault zone, which is to be expected, as the oil 
has undoubtedly migrated up the dip from the west. Reference to the 
subsurface contour map (Fig. 3) indicates that production has con- 
formed with structure to a large extent. Production would have con- 
formed perfectly with the structural features had erratic sand conditions 
not been encountered. 

Since commercial production of oil from the “Wilcox” sand occurred 
only on the dome in Sec. 33, T. 11 N., R. 8 E., there can be no question 
as to the relation of production to structure in this locality. Several “Wil- 
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cox’’ sand tests were made in the south part of the field, and some of them 
were located favorably with respect to the subsurface contour map (Fig. 
3). The fact that the two “Wilcox” sand tests in the N. $ of Sec. 10, T. 10 
N., R. 8 E., did not get commercial production deserves consideration. 
As shown by the map, it is possible that the fault stopped entirely at a 
point south of these two “Wilcox” sand tests. If this is true, there may 
not be any reverse dip to cause an accumulation of oil. So few “Wilcox” 
sand tests have been drilled in the vicinity of the fault that it is impossible 
to draw any reliable conclusion about the reverse dip or about the exten- 
sion of the fault into the “Wilcox” sand horizon. 


GREATER SEMINOLE DISTRICT, SEMINOLE AND 
POTTAWATOMIE COUNTIES, OKLAHOMA! 


A. I. LEVORSEN? 
Tulsa, Oklahoma 


ABSTRACT 


The Greater Seminole district, comprising the Seminole, Searight, Earlsboro, 
Bowlegs, Little River, Pearson Switch, St. Louis, Mission, and Maud pools, had a 
total production previous to January 1, 1929, of more than 275,000,000 barrels of 40°- 
gravity oil since the discovery in July, 1926. This is an average recovery of 15,055 
barrels of oil from each of the 17,700 producing acres, and the area is producing 400,000 
barrels of oil per day (January, 1929). 

The stratigraphy, structure, and geologic history are similar to the other major 
‘‘Wilcox”’ sand pools of northern Oklahoma. Crooked holes, pre-Pennsylvanian faults, 
and rotary drilling have complicated the details of the geologic record. All of the 
pools are producing from anticlinal structures, many of which are reflected in the sur- 
face formations as minor folds, flattenings, and changes of strike. 

A chapter by Ira H. Cram of The Pure Oil Company gives an idea of the detailed 
geological problems in the district. 
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« Manuscript received by the editor, January 23, 1929. 
2 Chief geologist, Independent Oil and Gas Company. 
3A. I. Levorsen, “The Geology of Seminole County,” Oklahoma Geol. Survey 
Bull. 40-BB (1928). 
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The reader is referred to the report by Morgan? for a more detailed 
description of the stratigraphy of the area as it is found in the outcrops 
around the Arbuckle Mountains, to the paper by Powers? for a descrip- 
tion of the conditions in the Seminole area one year after its discovery, 
and to the Bureau of Mines report on the Seminole pool’ for a descrip- 
tion of the stratigraphy and operating conditions. 


GENERAL 


The Greater Seminole district covers an area of approximately 400 
square miles in Seminole and Pottawatomie counties, south-central Okla- 
homa. The principal producing oil fields, in the order of their discovery, 
are St. Louis, Seminole City, Searight, Earlsboro, Bowlegs, Pearson 
Switch, Little River, and Mission. There are several other areas in which 
oil has been discovered in commercial quantities but which are at present 
shut in, awaiting more favorable market conditions. The locations of the 
oil fields and the development in the Greater Seminole district are shown 
in Figure 1. 

With the exception of the lenticular Earlsboro sand in the Earlsboro 
pool, which is of Pennsylvanian age, all of the commercial production is 
found in the Misener sand (basal Mississippian age), in the Hunton for- 
mation (Devonian-Silurian age), and in the Simpson formation (Ordovi- 
cian age). The daily production from these horizons reached a total of 
527,000 barrels per day in July, 1927, and the present average production 
is approximately 325,000 barrels per day (January 1, 1929). The total 
production of this area was more than 275,000,000 barrels of oil up to 
January 1, 1929, from 1,700 wells. The detail statistics of the production 
records of the pools are shown in Table I. 


SURFACE FORMATIONS 


Shales, sandstones, conglomerates, and limestones of upper Pennsyl- 
vanian age compose the rocks exposed in the Greater Seminole area. The 
succession of these rocks shown in Figure 2 is a comparison of the section 
in the north part of the area with that of the south side. 

The Pawhuska limestone crops out through R. 6 E. It is generally 
used as the datum horizon in mapping the surface structure in that area. 

* George D. Morgan, “Geology of the Stonewall Quadrangle, Oklahoma,” Okla- 
homa Bur. of Geol. Bull. 2 (1924). 


2 Sidney Powers, “The Seminole Uplift, Oklahoma,” Bulletin Amer. Assoc. Petrol. 
Geol., Vol. 11 (1927), pp. 1097-1108. 

3C. R. Swartz, C. R. Bopp, and W. S. Morris, ‘Preliminary Engineering Report 
on the Seminole Pool, Seminole County, Oklahoma,” U. S. Bur. Mines (1928). 
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Fic. 1.—Location of oil fields and development in Greater Seminole area. Width of area mapped, 21 
niles. Since this map was drawn new production has been developed in the following sections: Sec. 18, 
[.oN., R.6E., Sec. 18, T.oN., R.7E., Sec. 26, T.8N., R.6E., and Secs. 16 and 17, 1.7N., R.4E. 
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Fic. 2.—Geologic section showing nature of formations exposed in southern and 
central Seminole County. From “Geology of Seminole County,’’ Oklahoma Geol. 
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SUBSURFACE FORMATIONS 
PENNSYLVANIAN ROCKS 


Rocks of Pennsylvanian age extend below the surface to depths rang- 
ing from 3,000 to 4,000 feet and consist of alternating shales, sands, con- 
glomerates, and thin limestones. In the Earlsboro field the Pennsylvanian 
rocks with a total thickness of 3,840 feet consist of shale (77 per cent), sand 
(19 per cent), and limestone (3 per cent). With but few exceptions, the 
rotary drilling method has been used; consequently, knowledge of the de- 
tails of the Pennsylvanian stratigraphy is limited. The “Calvin sands,” 
which form a prominent marker farther east, can be traced through the 
Seminole area only with difficulty. They are found at depths ranging 
from 2,500 to 3,200 feet below the surface and, although relatively poor, 
offer the best datum for mapping the Pennsylvanian structure below the 
surface. 

Farther east the lower part of the Pennsylvanian is of Pottsville age 
and consists of the Gilcrease formation (correlated with the Atoka forma- 
tion) and the Wapanucka formation. The latter consists of the Wapanuc- 
ka limestone and the underlying Cromwell sand. Because of early Penn- 
sylvanian uplift, erosion, and overlap, the Gilcrease and Wapanucka for- 
mations are absent in the Greater Seminole area with the exception of the 
Little River field. The base of the Pennsylvanian in the remainder of the 
area is marked by an unconformity which transgresses upward across the 
section from east to west. This unconformity is identified in well cuttings 
by the presence of a sandy shale with a maximum thickness of 4o feet, 
containing subangular to rounded sand grains, weathered chert, traces 
of glauconite, lignite fragments, and other conglomeratic material. Round 
frosted sand grains resembling those of sandstones in the Simpson forma- 
tion are found. 

Oil and gas from Pennsylvanian sands have been found in the follow- 
ing areas: 

Secs. 30 and 31, T. 7 N., R. 6 E. (little oil); 1,200+ feet; Stray sand 
Sec. 15, T. 8N., R. 6 E. (gas); “Calvin” series 
Secs. 10 and 11, T. 9 N., R. 5 E. (commercial oil); 3,500 feet; Earlsboro 


sand 
Sec. 26, T. 7 N., R. 6 E. (commercial oil) ; Cromwell sand 


Type logs of the formations found in wells in the Little River, Bow- 
legs, and Seminole City fields are shown in Figure 3. They were prepared 
from samples of the well cuttings by Ira H. Cram, of The Pure Oil Com- 
pany. Table IT shows the thicknesses of the formations in the several oil 
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fields and Table III is a generalized geologic section of the Greater Semi- 
nole district. 
MISSISSIPPIAN ROCKS 


CANEY FORMATION 
In the Seminole district the Caney formation includes the beds lying 
between the base of the Pennsylvanian and the top of the Chattanooga 
shale. The lower go-110 feet is locally termed the ‘‘Mayes” limestone 
member, and the shales above it are called the Caney shale. 


TABLE II 


SUMMARY OF DETAILS OF STRATIGRAPHY OF PRODUCING FIELDS OF GREATER 
SEMINOLE AREA. (Thicknesses in feet). 


Little Pearson 


Seminole | Searight | Earlsboro | Bowlegs River Guitch St. Louis . 
Pennsylvanian....| 3,400- | 3,700- | 3,800- | 3,300- | 3,200- | 3,700- 
3,600 3,900 3900 3,500 3500 3,800 
Caney shale...... 150-400] 200-300] 20-200 | 150-450] 300- Absent 
400(?) 
“Mayes” lime....}| 90-110 | go-100 | go-100 | go-100 | go-I00 fe) o-120 


Chattanooga shale] 90-110 | 40-60 [100-125 | 120-150/165-175 | o-50 | 0-220 


Hunton lime..... O-75 85-160 | 0-30 O-5 ° 30-370 | 0-414 
Sylvan shale. ....| 80-100 | 70-100 | go-110 | 60-90 | 40-60 | 80-100 | 50-90 
Top of Viola to top| 70-110 | 75-105 | 80-110 | 70-135 | 60-140 
“Seminole” sand (In- 
creases 
south- 
ward) 
“Seminole” sand. .| 40-80 50-100 | 40-100 | o-6o ° ° 
Top of Viola to top 
“Wilcox” sand..| 170-220 170-200] 210-250] 225-275] ? 230-280 


Caney shale member.—As observed in well cuttings, the upper shale 
member is bluish-gray, uniformly fine-grained, fissile shale. It is easily 
drilled, but it caves readily. It is slightly calcareous and contains small 
amounts of finely disseminated pyrite. Near the base it is more granular 
and evidently grades into the lower calcareous member, locally known as 
the ““Mayes” limestone. 

“Mayes” limestone member.'—The “Mayes” limestone is a black to 
brown, finely crystalline, highly calcareous shale or argillaceous limestone. 


« This may be equivalent to the Mayes limestone of northeastern Oklahoma. 


TABLE III 


GENERALIZED GEOLOGIC SECTION, GREATER SEMINOLE DISTRICT 
(The formations below the Belle City limestone are known only from well logs) 


System Formation pare Character of Sediments 
‘oy Recent o-40 | Alluvium, sand, clay, and con- 
SP glomerate 
ga ee ee ee ~~~ Unconformity ~~ 
o Pleistocene Guertie sand and gravel 
See Se a CONS OF MII a 
Vanoss formation 250-500 | Shale, arkosic sand, and conglom- 
erate 
Ada formation o-50 | Sand and shale. Thins out north- 
ward 
Vamoosa formation 270-525 | Conglomerates, sands, shale. Thins 
southward 
Belle City limestone 0-30 Gray, fossiliferous limestone. 
Thins northward 
S Francis formation 370-500 | Shale with interbedded sandstone 
‘Ss layers 
a 
ee Seminole formation 800-1 ,o00} Shale with interbedded sandstone 
a Holdenville. shale layers 
| Wewoka formation 
ow Wetumka shale 250-300 | “Calvin sand series”’ of well logs. 
Calvin sandstone Persistent series of sands extend- 
ing from base of Calvin sand- 
stone to top of basal sand of 
Wewoka formation 
Boggy formation 600-1, 400} Shale with several variable sand- 
McAlester shale stones including Earlsboro sand 
SD rene Wed ieee aE es Unconformity— ee 
: structural and erosional ie 
Be P Wapanucka limestone} 0-40 | Present only in 
284 
es Cromwell sand o-roo | Little River area 
pT eh hie nls BR nat) ee Unconformity— Bente 
- structural and erosional ~~ 
Caney shale member o-600 | Bluish gray, fine-grained shale 
- overlain unconformably by for- 
>. mations up to Boggy shale. 
or . 
K 5 g Absent in Pearson pool 
ae ore 
a & | “Mayes” limestone go-110 | Argillaceous, black to brown lime- 
#7 member stone. Sycamore limestone at 
a base. Absent in Pearson pool 
q OA Ra Aa | —~—~~~—~ Unconformity(?) ~~~-— 
es Chattanooga shale Uniform, black shale, thickens 
Misener sand at base southward. Woodford chert of 
20-250 Arbuckle Mountain section. Ab- 
sent or thin in Pearson pool 
re ae | Pie tee ee ct Oe Unconformity— ee 
: : structural and erosional ris 
Devon-}| Bois d’Arc limestone Hunton limestone of oil fields. 
jan aragan shale Produces oil from weathered 
zone near top or from porous 
x Henryhouse shale horizons. Generally not differ- 
3 Chimneyhill limestone O-415 entiated in wells. Faunal hiatus 
= Pink crinoidal member separates each member below 
A Glauconitic member Haragan shale 
Oélitic member 
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TABLE I1l—Continued 


System Formation pains Character of Sediments 
Sylvan shale 35-100 | Gray-green shale 
Viola limestone (Fernvale) 20-40 | White to gray limestone 
eee ae ae ee er CONF OF ML 
qa Dense lime member 5-50 
O First dolomite member} 30-125 
S eT “Seminole” sand mem- 
ue) 9-3 ber o-80 | Main producing horizon. “First 
S = 8 Wilcox” 
as Second dolomite mem- 
a ber 15-100 
“Wilcox” sand mem- Locally productive “Second Wil- 
ber 500-- cox”’ 


It does not cave, and it is easily drilled. At the base occurs a non-uniform, 
thin, gray limestone bed, and this is underlain by a very persistent layer 
containing considerable glauconite and some sand grains. 

A few micro-fossils are found in the Caney formation. The following 
fossils have been observed: Hindeodella sp., Caneyella wapanuckensis, 
Orthoceras sp., and Kirkbya sp. 

The known thickness of the Caney formation, except in the Pearson 
Switch area where it has been removed, ranges from 120 to 700 feet, de- 
pending on the depth of the post-Mississippian erosion. Of this thick- 
ness, the lower or “Mayes” limestone member ranges uniformly from go 
to 110 feet in thickness. The upper shales range from 20 to 600 feet in 
thickness, the thin areas being high structurally and the thick areas, low 
structurally. 

The Caney formation is overlain unconformably by rocks of Penn- 
sylvanian age. This unconformity is both structural and erosional, the 
erosion in places having removed as much as 600 feet of Caney shale prior 
to the deposition of the Pennsylvanian sediments. During this period of 
erosion the Caney shale was removed from the western part of the St. Louis 
pool; and the Caney shale, the “Mayes” limestone, and, in places, all of 
the Chattanooga shale were removed in the Pearson Switch pool. Thus in 
T. 7 N., R. 4 E., the Pennsylvanian sediments overlie rocks ranging in 
age from Hunton (Devonian-Silurian) to Caney shale (upper Mississip- 
pian). 

The Pennsylvanian formation which overlies the Caney formation is 
probably equivalent in age either to the McAlester or Boggy formation. 
Evidently faulting and folding occurred during post- Mississippian or early 
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Pennsylvanian time, followed by base-leveling and the progressive west- 
ward overlap of the Pennsylvanian formations. Thus the structurally 
higher parts of the Mississippian were eroded to a greater depth than 
those areas which were structurally low and protected. The presence of 
the persistent glauconite layer and the local sandy phases at the base of 
the ‘“Mayes”’ limestone member indicate that a stratigraphic break sepa- 
rates it from the underlying Chattanooga shale. 

The Caney formation of Seminole County is correlated with the lower 
or Mississippian Caney shale of the Arbuckle Mountain region on the 
south, which in turn has been correlated by Girty' as being lithologically 
and faunally similar to the Moorefield shale of northern Arkansas. The 
““Mayes”’ limestone member of the Caney formation can be traced north- 
ward by well cuttings and correlated with the black Mississippi limestone 
of the Ponca City district. The variable white limestone layer occurring 
at the base of the ‘“Mayes”’ limestone member is undoubtedly represented 
in the Arbuckle Mountain section by the Sycamore limestone of Kinder- 
hook age. 

CHATTANOOGA SHALE 

The Chattanooga shale as observed in well cuttings is black non- 
calcareous, uniformly fine-grained shale. It contains a large amount of 
coarsely crystalline pyrite in irregular nodules. Local occurrences of black 
chert have been noticed. In drilling it resembles the overlying ““Mayes”’ 
limestone member of the Caney formation and is not as a rule distin- 
guished from it by the drillers. 

The following micro-fossils are known to occur in the formation: Mis- 
sissippian conodonts and many Sporangites huronense. 

The thickness of the formation ranges from 30 to 4o feet in the north 
part of the county and attains a maximum of roo feet at Earlsboro, 165 or 
‘more feet in the Little River field, and more than 200 feet at the south side 
of the area. In the center of the Pearson Switch pool, however, the Chat- 
tanooga shale has been entirely removed by post-Mississippian erosion, 
and the Pennsylvanian sediments rest directly on the Hunton limestone. 
The Chattanooga shale is normally overlain by the ““Mayes’’ limestone 
member of the Caney formation which contains glauconite and local 
sandy layers at its base, which indicate a stratigraphic break. The base 
of the Chattanooga shale rests with erosional and angular unconformity 
upon beds ranging in age from middle Sylvan to upper Hunton. 


" George H. Girty, “The Fauna of the Moorefield Shale of Arkansas,” U.S. Geol. 
Survey Bull. 439 (1911). 
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The varying thickness of the Chattanooga shale is shown in Figure 4. 

In the field, the names “‘Chattanooga shale” and ‘Woodford shale’’ 
are both used. The term “Chattanooga shale” is preferable, since as a 
subsurface formation it is better established in Oklahoma and is well 
known and widespread in the east-central United States. The age of the 
Chattanooga shale was originally determined as Upper Devonian and is 
still considered as such by the United States Geological Survey. Geolo- 
gists in increasing number, however, believe-that from both paleontologi- 
cal evidence and stratigraphic relations it bears a closer relation to the 
Mississippian and should be considered as the basal member of that sys- 
tem. The major unconformity at its base and the Mississippian fossils 
found in the formation in the Seminole district are the basis for placing 
it in the Mississippian system in this paper. 

A few feet of sand resembling the Simpson sand is found locally at the 
base of the Chattanooga shale. This sand farther north in Oklahoma is 
called the Misener sand. In some areas, particularly in the Bowlegs and 
Little River fields, it contains a considerable amount of limestone. Minor 
quantities of oil have been produced from the Misener sand in the Semi- 
nole district, but recently (November, 1928) very important production 
from this sand was discovered in the Maud area, in a new field developed 
in this horizon in the western part of T. 8 N., R. 5 E. Luther H. White’s 
description of it in northern Oklahoma applies to the few occurrences in 
the Seminole area. He states: 


A surprisingly small amount of erosional débris was left upon this old eroded 
surface. However, there were a few sand dunes composed of sand derived from 
the Simpson formation. In addition to a few well developed dunes a thin veil of 
wind-blown sand was scattered over broad areas. This sand was preserved by 
the deposition of the Chattanooga shale above it. Where it is exposed in eastern 
Oklahoma and Arkansas it is known as the Sylamore sandstone. By the drillers 
in the oil country, it is called the ““Misener”’ sand. Because of its source of origin, 
therefore, samples of it from wells resemble samples from the “Wilcox” or 
“Burgen.” It is extremely lenticular in extent. Wells drilled to this sand are 
often dry, even though higher structurally than offset wells producing from ite 
because of its absence. Where the ‘“Misener” is sufficiently wide-spread for 
structure to affect the accumulation of oil, it produces on domes or anticlines. 
In most cases, however, it produces as a true lense without reference to struc- 
ture? 


«Luther H. White, “Subsurface Distribution and Correlation of the Pre-Chatta- 
nooga (‘Wilcox” Sand) Series of Northeastern Oklahoma,” Oklahoma Geol. Survey 


Bull. 4o (1926), p. 22. 
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DEVONIAN-SILURIAN ROCKS 
HUNTON FORMATION 

The Hunton formation, or Hunton limestone as it is commonly called, 
where occurring as a full section in the Seminole district, ranges from 
light gray to white, fine-grained, cherty limestone at the top (Bois d’Arc 
member) to darker gray, crystalline limestone at the base (Chimneyhill 
member). Locally each of the three members into which the Chimneyhill 
or lower Hunton is divided, the pink crinoidal member, the glauconitic 
member, and the odlitic member, have been identified in well cuttings. 
The average Hunton limestone is difficult to separate from the Viola 
limestone by its physical appearance in well samples. Its position in the 
geologic section below the black Chattanooga shale and above the green 
to gray Sylvan shale and its content of many micro-fossils, in general, 
offer the best evidence for its identification. 

The Hunton formation contains a wide variety of micro-fossils, par- 
ticularly ostracods and crinoids of which but few are as yet known to be 
diagnostic of individual beds. It is of interest to note that the systemic 
boundary between the Silurian and Devonian occurs within the Hunton 
limestone. 

Depending on the post-Hunton erosion and the extent of the uncon- 
formities within the Hunton formation, the thickness ranges from almost 
nothing to 415 feet. Where the Hunton is thin, the lower or Chimneyhill 
member is the division encountered, and this indicates that the principal 
reason for the change in thickness is the erosion of the upper members. 
Throughout a large, irregular area across central Seminole County the 
Hunton is absent or very thin, as shown in Figure 5. Apparently a broad, 
irregular arch extended through this area at the end of Hunton time, the 
crest having been eroded during the peneplanation which preceded the 
deposition of the Chattanooga shale. 

The upper contact of the Hunton formation is an erosional and gently 
angular type of unconformity, the Chattanooga shale resting on the dif- 
ferent members of the Hunton formation or upon the underlying Sylvan 
shale, depending on the depth of the erosion. There was also some topo- 
graphic relief in the Pearson Switch and St. Louis districts as evidenced 
by the variable thickness of the Chattanooga where overlain by the 
“Mayes” limestone (Fig. 4). The Hunton limestone rests conformably 
on the Sylvan shale. 

The Hunton formation crops out on the north side of the Arbuckle 
Mountains 20 miles south of Seminole County. Reeds' has subdivided it 


' Chester A. Reeds, “The Hunton Formation of Oklahoma,” Amer. Jour. Sci., 


Vol. 32 (October, 1911). 
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into four separate formations as shown in the generalized geologic section 
of Seminole County. He places the two upper formations (Bois d’Arc 
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Itc. 5.—Map of Greater Seminole district, showing thickness (in feet) of Hunton 
formation and areas where it produces oil (cross hatched). The shaded area is where the 


Hunton formation is absent and the Chattanooga shale rests directly on the Sylvan 
shale 
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limestone and Haragan shale) in the Devonian, and the two lower forma- 
tions (Henryhouse shale and Chimneyhill limestone) in the Silurian sys- 
tem. Reeds later subdivided the Bois d’Arc limestone into the Frisco 
formation at the top and the Bois d’Arc limestone below. Evidence of the 
unconformities within the Hunton formation as described by Reeds is not 
generally observed in well cuttings from the Hunton limestone in the 
Seminole district. 

Oil in commercial quantities has been found in the Hunton limestone 
of the Seminole district in the Searight, Seminole, Pearson Switch, and 
St. Louis fields. The oil occurs in solution cavities, small vugs, fissures, 
and other secondary features in the limestone. As it is commonly found 
near the top of the formation, it is probable that the porosity is in part 
an effect of the pre-Chattanooga weathering and erosion. 


ORDOVICIAN ROCKS 


SYLVAN SHALE 


The Sylvan shale as observed in well cuttings is a gray to light gray, 
uniformly fine-textured shale. The upper 5 or ro feet is characteristically 
light green but, because of pre-Chattanooga erosion, is absent in many 
areas. The Sylvan shale is easily and rapidly drilled but caves readily 
when wet. It effervesces slightly in dilute hydrochloric acid. It contains 
finely disseminated pyrite. The basal 5—ro feet is darker, more calcareous, 
locally sandy, and in one well? was found to contain considerable arkosic 
material. The Sylvan shale has a soapy or slippery fee! when wet. 

Graptolites of Medina age} are found in the basal 5 or ro feet; other- 
wise the Sylvan shale is unfossiliferous. 

The thickness of the Sylvan shale ranges from 30 to 130 feet. The 
Sylvan is in general thickest where overlain by the Hunton limestone and 
thin where pre-Chattanooga erosion has removed the Hunton limestone 
and the upper part of the Sylvan shale. Since nearly all of the wells are 
remeasured at the base of the Sylvan shale or the top of the Viola lime- 
stone, the variable thickness reported in some wells is not real but is due 
to the correction of the drilling measurement. 

The Sylvan shale is normally overlain conformably by the Hunton 
formation. Throughout the central part of the area, where pre-Chatta- 
nooga erosion has removed the Hunton limestone, the Chattanooga shale 

« Chester A. Reeds, “The Arbuckle Mountains, Oklahoma,” Natural History, 
Vol. 26, No. 5 (1926). 

2Tra Cram, personal communication. 


3 George S. Buchanan, personal communication, 
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rests with erosional and slightly angular unconformity on different hori- 
zons of the Sylvan shale, depending on the depth of erosion (Fig. 5). The 
Sylvan shale rests conformably on the Viola limestone unless the lithologic 
change at the base of the Sylvan shale and at the top of the Viola lime- 
stone can be construed as indicating a break in sedimentation. 

The Sylvan shale has been considered to be Upper Ordovician in age 
and is still so considered by the United States Geological Survey.? Ulrich? 
believes it to be of Silurian age, and his most recent paper on the problem 
presents a very convincing argument in favor of such a change. 


VIOLA LIMESTONE 

The Viola limestone is generally used as the datum in mapping Ordo- 
vician structure. It is white to gray, coarsely crystalline limestone rang- 
ing from 30 to 75 feet in thickness. The upper 5-10 feet is milky white, 
flaky, and soft. The crystalline limestone is denser, drills hard, and fur- 
nishes an excellent casing seat. The Viola limestone contains no dolomite 
and effervesces strongly in dilute hydrochloric acid. 

The Viola limestone contains very few micro-fossils in contrast to the 
highly fossiliferous Hunton limestone. Some crinoid stems and some 
simple ostracods have been found in it. 

The Sylvan shale rests conformably on the Viola limestone unless the 
lithologic change at the base of the Sylvan and the white, flaky upper part 
of the Viola limestone is interpreted as indicating a stratigraphic break. 
Locally the Viola limestone seems to be conformable on the underlying 
Simpson formation, but throughout broad areas it overlaps the entire 
middle and lower Viola and the upper Simpson section. 

Fanny C. Edson‘ states that the Viola limestone of the Mid-Conti- 
nent “consists of two members, an upper, coarsely crystalline, Richmond 
bed, and a lower dense, buff, ‘lithographic’ bed, probably upper Black 
River in age.” This dense lithographic limestone underlies the Viola 
limestone in the Seminole area and is here considered as the upper mem- 
ber of the Simpson formation. The exact stratigraphic position of this 
limestone has not been determined, and either interpretation may be 
correct. In the Seminole district the dense limestone member seems to be 

* “Geologic Map of Oklahoma,” U. S. Geol. Survey (1926). 

7K. O. Ulrich, “Revision of the Paleozoic Systems,’ Bull. Geol. Soc. Amer., 
Vol. 22 (1911). 

3 “Relative Values of Criteria Used in Drawing the Ordovician-Silurian Boundary,” 
ibid., Vol. 37, No. 2 (June, 1926). 

4“Ordovician Correlations in Oklahoma,” Bulletin Amer. Assoc. Petrol. Geol., 
Vol. 11 (1927), pp. 968-70, 
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more closely associated with the Simpson formation than with the Viola 
limestone, and the ‘‘top of the Simpson’? as commonly reported in the 
field is the top of the dense brown limestone. 

The Viola limestone is considered to be of Ordovician age by the U. S. 
Geological Survey. 

Ulrich' states that the Viola limestone observed throughout east- 
central Oklahoma is the Richmond phase of the Viola limestone of the 
Arbuckle Mountains and White? correlates it with the Fernvale limestone 
of Arkansas. Ulrich? places the Richmond, consequently this upper phase 
of the Viola limestone, in the Silurian system. 


SIMPSON FORMATION 


In the Seminole district the Simpson formation, graphically shown 
in Figure 6, consists of several members in descending order as follows: 
Dense limestone member 
First dolomite member 


“Seminole” sand member.......... “First Wilcox” or “Simpson 
sand” of oil fields 


Second dolomite member 
cWilcox” sand member...........- “Second Wilcox” sand of oil 
fields 


Dense limestone member.—This is dense, brown to gray, lithographic 
limestone, locally containing thin dolomitic layers. Micro-fossils are plen- 
tiful, particularly ostracods, but very few of them have been described. 
It underlies the white to gray, coarsely crystalline Viola limestone and is 
readily distinguished from it by the drillers. It is reported in the well logs 
as the “top of the Simpson.” It ranges in thickness from 5 to 50 feet, the 
average thickness being approximately 15 feet. 

First dolomite member.—This is a gray to brownish-gray, finely crystal- 
line dolomite. It is of lighter color and coarser texture than the dense 
limestone member. These features, together with its greater magnesian 
content, offer a means of recognizing it. The lower 5—10 feet in the pro- 
ducing fields is more coarsely crystalline, very hard, and contains in- 
creasing amounts of Simpson sand grains with depth. It ranges in thick- 
ness from 15 to 50 feet, the average thickness being 25 feet. 

 £, O. Ulrich, quoted by F. L. Aurin, G. C. Clark, and E. A. Trager, ‘‘Subsurface 
Pre-Pennsylvanian Stratigraphy,” Bulletin Amer. Assoc. Petrol. Geol. Vol. 5 (1921), 
pp- 149-50. 

2 Luther H. White, of. cit., p. 18. 

3. O. Ulrich, “Relative Values of Criteria Used in Drawing the Ordovician- 
Silurian Boundary,” Bull. Geol. Soc. Amer., Vol. 37, No. 2 (June, 1926). 
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“Seminole” sand member.—This is the most important producing 
horizon of Seminole County. It consists of a bed of uniformly fine- 
grained, slightly dolomitic sandstone whose maximum thickness is 80 
feet. The sand grains are subangular to rounded, many of the round 
grains being larger and frosted or etched. The “Seminole”’ sand is alter- 
nately hard and soft, the greater production generally-coming from the 
softer horizons. The hardness of layers is probably caused by local cemen- 
tation or dolomitization; the softer parts are less consolidated. It is also 
called the ‘First Wilcox” and “Simpson sand” and is not to be confused 


LIMESTOHE MEMBER 
FIRST DOLOMITE MEMBER 


SEMINOLE SAND MEMBER |i 


Secono DoLomiTe memBerl ——/° /—-| 
s Pw] 


br rh 
WILCOX SAND MEMBER 


Frc. 6.—Ideal diagram of relations of members of Simpson formation in Seminole 
district. From ‘‘Geology of Seminole County,” Oklahoma Geol. Survey Bull. 4o-BB 
(1928). 


with the Seminole conglomerate of Pennsylvanian age, which crops out 
farther east in Seminole and Hughes counties. 

The “Seminole”? sand member is probably a lens, grading into dolo- 
mite toward the southern part of the area and thinning out toward the 
north and northeast parts of the state either by erosion and overlap of the 
overlying Viola limestone, non-deposition, or gradation into dolomite. It 
is differentiated in well cuttings from the true ‘‘Wilcox” sand by its dolo- 
mite content and the greater uniformity and slightly smaller size of its 
sand grains. 

Second dolomite member.—Below the “Seminole”? sand member is 
found a dolomite, sandy dolomite, or interstratified shale and dolomite 
ranging from to to too feet in thickness. It is persistent throughout the 
Seminole district, the thicker beds being found where the “Seminole” 
sand is thin or absent as in the southern part of the area. There it is not 
distinguished from the first dolomite member, 
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The first four members of the Simpson formation comprise the post- 
“Wilcox” Simpson, as described by Luther White.* 

“Wilcox” sand member.—The main sand body of the Simpson forma- 
tion is found below the second dolomite member, or from 150 to 250 feet 
below the top of the Viola limestone. Wells in the Seminole and Wewoka 
fields have penetrated it to a depth of 217 and 675 feet, respectively, 
and have not encountered the base. In both fields it was found to be 
interstratified with thin layers of green shale. The upper few feet, in all 
wells which are known to have reached it, characteristically consist of 
relatively coarse sand grains. Dolomitic layers have been found, but they 
are not common as in the ‘‘Seminole” sand member. It produces large 
amounts of oil in local dome folds in the St. Louis area and is irregularly 
productive in the other fields of the area. 


PENNSYLVANIAN STRUCTURE 


The structure at the surface is in general monoclinal and comprises a 
part of the gently westward-dipping Prairie Plains monocline which ex- 
tends from Iowa to Texas. Detailed mapping of the structure shown at 
the surface discloses numerous minor changes in strike, rate of dip, and 
minor faulting. Most of the producing oil fields are found in these areas 
of irregular surface structure. The writer knows of no folds within the 
area which, if referred to sea-level datum, can be classed as domes. 

Most of the surface faults in the area are in a trend extending N. 5° 
E. through the east side of R. 6 E, The individual faults strike N. 35°-40° 
W., have vertical displacements as much as r4o feet, are generally less 
than 23 miles in length, and are en échelon. Examples of the surface 
structure and the fault trend are shown in Figures 8-12. 

Since most of the drilling of the Pennsylvanian formations has been 
by the rotary method, our knowledge of the details of the Pennsylvanian 
structure below the surface is limited. The unconformity zone at the 
base of the Pennsylvanian probably represents a peneplain and converges 
toward the west with the higher members of the Pennsylvanian system 
(Fig. 7). 

PRE-PENNSYLVANIAN STRUCTURE 

In general the individual members of the pre-Pennsylvanian forma- 
tions are nearly parallel, and the structure of the upper part of the Mis- 
sissippian is the same as that of the sandstones of the Simpson formation. 
The thickening of the Chattanooga shale toward the south and southwest 


:“Sybsurface Distribution and Correlations of the Pre-Chattanooga (‘‘Wilcox” 
sand) Series of Northeastern Oklahoma,” Oklahoma Geol. Survey Bull. 4o (1926), p. 16. 
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and the variable thickness of the Hunton lime give slight structural diver- 
gence throughout wide areas. An exception is in the St. Louis area, where 
locally nearly 400 feet of structural relief was developed prior to the dep- 
osition of the Chattanooga shale. However, a discussion of the structure 
of the Viola limestone will essentially cover the structure of all the over- 
lying rocks up to the top of the Mississippian. : 

Regionally the Seminole district is on the saddle between the Arbuckle 
uplift on the south and the Ozark uplift on the northeast. This can be 
seen in Figure 7, which shows the generalized structure of the Viola lime- 
stone and Simpson formation in eastern Oklahoma. The west side of this 
saddle is indicated by a relatively steep west dip. This is possibly a post- 
Mississippian fault similar to those described in the section on structural 
history. 

The Greater Seminole district has a total structural relief of goo feet, 
the lowest point on the Viola being 3,800 +feet below sea-level and the 
highest point 2,900 feet below sea-level. The highest structure is on the 
south side of the area, where the Viola and Simpson formations con- 
tinue to rise southward through a distance of 15 miles to their outcrop in 
Pontotoc County. In the oil fields the Viola lime of the highest wells is 
2,950 feet below sea-level, and it is of interest to notice that one of the 
lowest-known structural points in the county is in the heart of the Bow- 
legs field. 

The true details of the Viola structure are difficult to map. The nature 
of some of these problems is brought out more fully in later paragraphs. 
In general it may be said that the principal difficulties are: whether to 
contour the area as smooth dip; whether the evidence justifies the use of 
faults to help explain the irregularities; and to what extent crooked holes 
cause false interpretations of structure. The writer believes that early 
Pennsylvanian and post-Mississippian faulting is a structural factor 
throughout the area and that until a better idea is obtained about the 
direction of these faults it is impracticable to publish a contour map of 
the Viola lime which one might hope would even in a small measure prove 
of permanent value. 

The deflections from the vertical in many drill holes have been meas- 
ured during the past year. Angles as large as 45° have been noted, and 
computations indicate that excessive depths of as much as 700 feet may 
be due to crooked holes. The effect is to add to the general uncertainty 
as to the true character of the structure. 

Figure 8 shows a cross section through the northern part of the area 
from southwest to northeast and extending east into eastern Seminole 
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Fic. 7.—Greater Seminole oil fields on regional structure of eastern Oklahoma. Contours on Ordo- 
vician, and in part adapted from map published by W. T. Thom, Jr., Oklahoma Geol. Survey and U.S. 
Geol. Survey. Contour interval, soo feet. 
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County. The same logs are used in both sections. In the section on the 
left the logs are arranged on sea-level datum to show the present struc- 
ture; and in the section on the right the logs are referred to the top of the 
Calvin series as a datum and show the structure of the older rocks during 
Calvin time. 

OIL-FIELD STRUCTURES ’ 

In the producing areas the structure at the surface shows irregularities 
overlying the subsurface folds. Most of these irregularities consist of 
changes in dip from west toward the northwest and locally toward the 
north, and of a lessening of the normally west-northwest regional dips. 
The surface structure of the Seminole City, Bowlegs, and Little River 
fields is complicated by a belt of en échelon faults extending through the 
area in R.6E. Since these faults are probably later in age than the surface 
folds, or at least due to regional rather than local causes, the true folding 
of the surface formations should be studied after eliminating these faults. 

The structural details of the Viola limestone and the producing 
horizons of each of the oil fields have some common characteristics. In 
general, the subsurface structure of each of the fields consists of one 
broad domal fold, or more, the boundaries of which are the present limits 
of production. On these folds are numerous small irregularities which in 
general show the following characteristics: 

r. A typical irregularity is a relatively small area (ro~80 acres), in 
which the producing horizons differ structurally as much as 600 feet in 
elevation. The ordinary difference in structural elevation ranges from 100 
to 300 feet. These features have been the cause of wide differences of 
opinion among geologists regarding the origin of the Seminole structures. 

2. The pre-Pennsylvanian formations in these areas are generally low 
relative to the average structure of the surrounding area. 

3. In most places the thicknesses of the formations below the Caney 
shale member are the same within and without the area of structural 
irregularities. If these thicknesses vary, it is generally a decrease in thick- 
ness rather than an increase. 

4. Where information is available, many of these low areas show a 
thickness of the Caney shale member much greater than is found in the 
surrounding area. 

5. Abnormally thin sections of the Chattanooga shale, encountered 
in nearly thirty wells, suggest normal faulting. These wells show the same 
structural character as the irregular areas where the stratigraphy is nor- 
mal. Increased thicknesses of the ‘‘Mayes’? member, the Chattanooga 
shale or Sylvan shale have been noted in a few wells and suggest either 
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Frc. 8.—Cross section of Seminole County. Logs are referred to sea-level datum 
and show present structure. From “Geology of Seminole County,” Oklahoma Geol. 
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Fic. 9.—Cross section of Seminole County. Logs are referred to top of Calvin 
series as datum and show structure of older rocks in Calvin time. Same symbols and 
scale as in Figure 8. From “Geology of Seminole County,” Oklahoma Geol. Survey 
Bull. 4o-BB (1928). 
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an overthrust fault or more probably a normal fault cut by a crooked 
hole. 

6. Production in many wells of the irregular areas is different from 
production in the surrounding wells, while in other irregular areas there is 
no difference in the characteristics of the production. This suggests that 
the difference in production of some wells is caused by definite structural 
irregularities and of others is probably due to crooked holes. 

7. It is the writer’s opinion that probably 75 per cent of the irregular- 
ities are the result of crooked holes and that the other 25 per cent repre- 
sent true structural irregularities. 

Structure maps of the producing fields are shown in Figures ro-14. 
For purposes of comparison the map of the surface structure of each of 
the fields is shown with the map of the structure of the Viola limestone. 
In each field the difference in structure between the surface and the Viola 
limestone represents the folding at the end of Hunton time; the faulting 
and folding in early Pennsylvanian and post-Mississippian time; the nor- 
mal westward convergence of the Pennsylvanian formations; and the error 
in depths caused by crooked holes. In each field the broad general out- 
lines of the subsurface structures are shown by the heavy —3,300-foot 
contour. The low places and irregularities which may be real, or which 
may seem to exist but are caused by crooked holes, are given less promi- 
nence. 

These surface structure maps were contributed by the Amerada Pe- 
troleum Corporation, the Indian Territory Hluminating Oil Company, 
and the Gypsy Oil Company; and the subsurface maps are the writer’s 
interpretation of the facts as they are now known. 

Figure 15 is a block diagram drawn by J.M. Dale, showing the stratig- 
raphy and structure in the Pearson and St. Louis fields in T. 7 N., R. 
3,4,and 5 E. Attention is called to the thinning of the Hunton limestone 
over the area of “Wilcox” sand structure and production in Sec. 19, T. 
7 N., R. 5 E; the topographic relief of the upper surface of the Hunton 
limestone, which probably projected nearly roo feet above the surround- 
ing peneplain; and the pre-Pennsylvanian folding, faulting, and erosion. 
This area differs from the other fields in that nearly all of the folding and 
deformation occurred during pre-Chattanooga and pre-Pennsylvanian 
time. 

Figure 16 represents the surface structure on which the location for 
the discovery well of the St. Louis pool was made. The map is the work 
of Carl W. Clarke? of the Darby Petroleum Company. 
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Fic. 10.—Surface and subsurface structure of Searight pool. 
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OIL-FIELD WATERS 


The writer is indebted to 
L. C. Case of the Gypsy Oil 
Company for the following data 
concerning the chemical nature 
of the waters found in the 
Hunton lime and the Simpson 
formation sands of the oil fields. 

The Hunton lime, ‘“Semi- 
nole” sand, and “Wilcox” sand 
waters in the Greater Seminole 
area are similar. The chief dif- 
ference is the sulphate content 
which is generally higher in the 


Hunton lime water. The Earls- © 


boro field, in which the Hunton 
is generally missing, shows the 
most characteristic and uniform 
water analyses of any of the 
fields. Any of the seven analy- 
ses averaged under C is very 
nearly the mean. The Hunton 
water of the Searight field, 
averaged under B, carries a 
characteristically high sulphate 
content but is otherwise very 
similar to the Seminole sand 
water. In the Seminole City, 
Bowlegs, and Little River fields 
the “Seminole” sand water 
shows as great differences as 
those found between the Hun- 
ton lime and “Seminole”’ sand 
waters. 

No difference has ‘been 
found in the waters of the 
“Seminole” sand and ‘“‘Wilcox”’ 
sand members which have been 


Itc. 11.—Surface and subsurface 
structure of Seminole pool. 
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SURFACE STRUCTURE CONTOUR INTERVAL 10 FEET 


STRUCTURE OF VIOLA LIMESTONE CONTOUR INTERVAL 100 FEET 


Fic. 12.—Surface and subsurface structure of Earlsboro pool. 
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I'1c. 13.—Surface and subsurface structure of Bowlegs pool, 
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In each well the water from the ‘“‘Semi- 
nole” sand was cased off before drilling into the “Wilcox” sand. 


analyzed from several wells. 
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be flowing “sulphur water,” but the analyses show no sulphate, or only a 
trace of it. The odor is caused by hydrogen sulphide gas. 

Pennsylvanian waters higher in the geologic section nearer the surface 
show a progressive decrease in the amounts of sodium, calcium, magne- 
sium, and chloride and an increase in the amount of sulphate. The total 
concentration also decreases in the shallower sands, 
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Frc. 16.—Surface structure, St. Louis pool, T. 7 N., R. 4 E. Geology by Carl W. 
Clarke, Darby Petroleum Company. Width of area, 4 miles. 
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ANALYSIS OF CRUDE OIL 


A. J. Kraemer," of the U.S. Bureau of Mines, summarizes the results 
of several analyses of Seminole crude oils as follows: 


“Analyses of Crude Oils from the Seminole District, Oklahoma,” U. S. Bur. of 
Mines, Repts. of Investigation, Serial No. 2824 (August, 1927), pp. 2-3 
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Although there are a number of producing sands in the Seminole district, it 
does not seem possible to ascribe definite and distinctive characteristics to the 
production from any of the sands. The “Wilcox” is the most productive sand 
in all of the pools in the district. On the basis of the samples that the Bureau of 
Mines has analyzed (not all of which are included in the report), the gravity of 


TABLE IV 


AVERAGES OF ANALYSES OF WATERS FROM PRODUCING 
Horizons OF GREATER SEMINOLE D1IstTRICT* 


PARTS PER MILLION 


A B Cc D 

Sodium (Na)...... 54,363 | 49,939 | 52,007 | 47,844 
Calcium (Ca)... .. 10,560 7,341 8,460 7,834 
Magnesium (Mg)..| 2,390 1,540 1,793 1,553 
Sulphate (SOM so 6 455 i O22 163 499 
Chloride (Cl)......] 108,990 | 93,706 | 99,379 | 91,537 
Bicarbonate (HCO,) 43 48 54 52 

ota lemersce- 176,801 | 153,596 | 161,946 | 149,319 


PERCENTAGE VALUE (PALMER) 


A B & D 

Sodium (Na)...... 38.31 40.75 39 .85 40.24 
@alcrum) (Ca)ee 8.54 6.86 Wee 7.39 
Magnesium (Mg).. Bul 2.34 2.62 2.40 
Sulphate (SO,).... 0.15 0.40 0.06 0.16 
Chloride (Cl)......| 49.84 49 .61 49 .93 49 .80 
Bicarbonate (HCO;) OL 02 OL .OI 

MO scoot doa) Creare) 99.98 100.00 | 100.00 


* A, St. Louis field, “Wilcox” sand water, 4,242 feet. Analysis by L. C. 
Case, Gypsy Oil Company. 

B, Searight field, Hunton lime water. Average of two analyses. Analyses 
by L. C. Case, Gypsy Oil Company. 

G Earlsboro field, “Seminole” sand water. Average of seven analyses. 
Analyses by L. C. Case, Gypsy Oil Company. 
D, Seminole City field, “‘Seminole” sand water. Average of itree analy- 


’ 


ses. Analyses by L. C. Case, Gypsy Oil Company. 


crude oil from the “Wilcox” sand in this district ranges from 37.6° to 43.2° 
A. P. I., with the average about 40° A. P. I. The sulphur content ranges from 
0.25% to 0.43%, with the average about 0.33%. The “gasoline and naphtha” 
content ranges from 34.1% to 41.3%, with the average about 38.4%. The pro- 
duction from the Hunton lime ranges in gravity between 37.8° and 4o.4° A. P. I. 
with the average about 38.8° A. P. I. The sulphur content ranges from 0.22% 
to 0.30%, with the average about 0.26%. The “gasoline and naphtha” content 
of the crude from the Hunton lime ranges from 34.7% to 37.3%, with the 
average about 36.0%. 


350 A, I. LEVORSEN 


DRILLING COSTS 


The figures in Table V show the average cost of five wells in different 
parts of the area, together with the average cost of a dry well and the 


TABLE V 
AVERAGE Cost oF FivE DEEP WELLS IN SEMINOLE DISTRICT, 1927-28 
Rig @22foot: Tumbuckle type). 2.3. een eee $ 6,500. 
SHUGH DiC cok onesie Meat ie ee a Re one ae a ee 350. 
"Vearaing, 595 sees, Bean eat eee ore ee aie a rho I ,000. 
Drilling contract,.4,200 ftat$7.50 per it... 2.2 ean ee ee 31,500. 
Fuel, oilj wateta-cc jas pea Societe bak ae ob hat wee reese, 7 gene 3,500. 
Tank (os0-bbl. WOO) 718 faa. aga costa) sons see eee 235 
Gementiandacementin on va. Seana) Pace erent ae cet erent 825 
Pipe: 

5O=100 ftagss Il 7Ole. 5 Fein otaateeeeslas oo awe $ 420.00 

A OOO 1 Caria Miles acoso «cath nau og ee one ale 8,035.00 

A ZOO: Stee Oe Bina Ao ax tore ee wtp tod eames ee 6,230.00 
$14,685.00 $14,685 
Miscellaneous expense, small pipe, fittings, etc.................. T1750: 
Total cost of well'to top of “Wilcox” sand. 27. .< j2.5 90 $60,345. 

AVERAGE RECOVERABLE MATERIAL OF A Dry HOLE 
SEAL CASINO eee a geen ccs Ris accra Catene re ts) oR NaS ate ee ae $ 3,500. 
Goth CASI OED es acters tho ak, SAM e eee feet rear eee ee 5,000. 
AO canes p aS MaMa AEA eR (reese, hehe e Renan Ra tsa vo dailiro hls Sic 6 6,000 
HGH el aaron Tete arer xs Rian ae ee NEN ome Gy cokie u.s.cs cot 200 
Miscellaneous plpesiictin cose UCase eee rere eee 750 
Recoverablemateriall.g ater ccs ae eee cite ee eae $15,450. 
Average: cost of dry: holes... sat ae serine meek een $44 , 895 
ADDITIONAL EXPENSE ORDINARILY INCURRED WITH A PRODUCING WELL 

NOLS OE NiO) aR Na NN atresia Na teeta con Sc nexus AaG Soke ath wt okey Go oS c $ 1,165 
Flow line, control head, connections, labor, teaming............. 500. 
Sixcsoo-bblestecluvapor-pressUresta 01S anism. aie aise ten eee 6,000. 
Aircliitplanticomplete perawelll: aameeute ce eerhmnciiaciaeie neers I5,,000. 
Additional expense o..60- sian cn ee ren ee eee $22,665 
Average total/cost completed well... .........003 ee $83 , O10. 
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average cost of a producing well. They represent a fair lower average, 
but a larger expense is the rule due to the many fishing jobs, collapsed 


pipe, lost hole, and other difficulties encountered in all the fields. 
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DETAILED STUDIES OF GEOLOGY 


An idea of some of the details of the geological problems involved in 
the Greater Seminole district is contained in the following chapter pre- 
pared by Ira H. Cram of The Pure Oil Company. He discusses the infor- 
mation derived from the wells drilled in Sec. 14, T. 8 N., R. 6 E., in the 
Bowlegs field. Relatively complete sets of well cuttings were kept in this 
area, and many of the geological problems and irregularities of the entire 
district are found there. The detailed material presented is to be consid- 
ered as a “hand specimen”’ of the Greater Seminole district. 


GEOLOGY OF SEc, 14, T. 8.N., R.-6:E2 
By Ira H. Cram? 
INTRODUCTION 


Figures 17-22 contain the data on which the following discussion is 
based. All available drill cuttings from wells of The Pure Oil Company 
and offsets were examined, and the thickness of the formations sampled 
are shown in Figures 19-22. Thicknesses of formations were adjusted to 
the corrected steel-line and cable measurements. Because none of the 
holes has been surveyed, no corrections in the thicknesses of formations 
in wells drilled at an angle have been made, The possibility of faulty 
sampling, the practice of making ro- to 15-foot “runs” in the drilling 
process, the changes in measurements, and the personal equation which 
enters into the determination of contacts may cause errors in thicknesses 
as great as 30 feet. It is believed that these errors are no greater than 
errors due to the drilling of wells at an angle through formations as thin 
as those considered in this paper. The accuracy of studying structure by 
critically examining variations in the stratigraphy is therefore not de- 
pendent upon surveys of the holes. 


PRODUCTION OF WELLS 


A study of the production map (Fig. 17) reveals several important 
things. Attention is called to the following peculiarities of production as 
found in Sec. 14, T. 8 N., R. 6 E., which are characteristic of the produc- 
tion in all of the pools of the Seminole area. 

1. Of particular significance is the large production of the first com- 
pletions, the Empire Gas and Fuel Company’s Lacy No. 1, the Sinclair 
Oil and Gas Company’s Harjo No. 3 and No. 1, and The Pure Oil Com- 


« Published by permission of the chief geologist of The Pure Oil Company. 


2 Geologist, The Pure Oil Company, Tulsa, Oklahoma. 
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pany’s Reed No. 1. The wells surrounding these early wells, even though 
favorably situated structurally, were smaller wells, and most of them did 
not flow naturally as violently or as long as the earlier wells. The tend- 
ency of the first completions to affect the surrounding wells by drainage, 
or relief of pressure, suggests a direct connection between wells. The wells 
act as though they have tapped a single large reservoir. If the reservoirs 
of the Greater Seminole district were cut by as many faults as the subsea 
elevations seem to indicate, and the fault surfaces were sealed in the ordi- 
nary manner, certainly the relief of pressure in one part of the pool would 
not affect in such a large measure the pressure in another part. 

2. Five low producing wells, the producing offsets of which are much 
higher, are present in Section 14. They are The Texas Company’s Reed 
No. 9 and No. 13, the Empire Gas and Fuel Company’s Lacy No. 5 and 
No. 6, and The Pure Oil Company’s Reed No. 20. No evidence of faulting 
or sharp folding in these wells has come to the writer’s attention; they 
may, therefore, be simply crooked holes. 

3. The possibility that impurities in the sand affect the localization of 
petroleum is demonstrated by a study of The Pure Oil Company’s Reed 
No. 14. This well, though very low and a late completion, had a very 
shaly sand body which may partly explain the poor production. 

4. The Carter Oil Company’s Harjoche No. 8 is an example of a dry 
hole evidently as high structurally as offsetting producers. This condi- 
tion may be due to drainage, to poor porosity of the sand, or to structure. 
If structure is the cause, it may be assumed that Harjoche No. 8 is a 
straight hole and the offsetting producers crooked holes. 

5. The Sinclair Oil and Gas Company’s Harjo No. 4 is an example of 
a low dry hole surrounded by large producers of higher subsurface eleva- 
tion. Again drainage or sand conditions may partly account for the con- 
dition. If the subsea elevations of Harjo No. 4 and surrounding wells ex- 
press the true structural relations, there is the problem of explaining a 
structural depression of so great a depth covering so small an area. If 
only Harjo No. 4 were a crooked hole, and, as a result, the well were no 
lower than the offsets, it would be in the same category as Harjoche No. 8, 
a high dry hole. Conclusive evidence explaining either phenomenon is 
lacking. 

6. Areas of low dry holes surrounded by producing wells, such as the 
north-central part of Section 14, are found in several places in the Greater 
Seminole district. This particular dry area is partly due to faulting and 
is more fully discussed in the following paragraphs, 
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THICKNESSES OF FORMATIONS 


Faulting, folding, and intraformational erosion affect the thicknesses 
of formations found in wells. Thicknesses, therefore, are to be studied if 
the true structure and structural history are to be learned. 
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Fic. 17.—Production map of Sec. 14, T. 8 N., R. 6 E., with well number at left of 
wells, elevation in feet above, maximum daily production in barrels at right, and date of 
completion below. Starred wells were abandoned before reaching the sand. Wells with 
circle were drilled to the second sand. The well with two circles had a hole full of water 
in the second sand. Width of area, 1 mile. 


The stratigraphy of Section 14 is that of the Bowlegs pool shown on 
Figure 3. Little is known of any local variations in the thicknesses of the 
Pennsylvanian beds because most of the cuttings were available only from 
the lower Caney and older formations. A considerable section of Pennsyl- 
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vanian was available for study from the Shaffer Oil Company’s Lacy No. 
1, The Pure Oil Company’s Strother ‘‘D” No. 1, and Reed No. 18. The 
stratigraphy corresponds fairly well with that shown on the type section 
(Fig. 3). The thin limestone in the basal “Boggy” is present in the same 


Frc. 18.—Structure of Viola limestone, Sec. 14, T. 8 N., R. 6 E. Contour interval, 
roo feet. Width of area, 1 mile. No corrections have been made for deviations of holes 
from the vertical. Crooked holes may account for many of the irregularities. 


position in Lacy No. 1. This thin limestone and the underlying sand and 
shale zone are persistently present at the base of the Pennsylvanian 
throughout the pools of Ranges 5 and 6 of the Greater Seminole district. 
In the Little River pool this zone overlies the Wapanucka limestone or 
Cromwell sand, but in the other pools of Ranges 5 and 6 the Wapanucka 
and Cromwell are absent, and the previously-mentioned sandy shale zone 


GREATER SEMINOLE DISTRICT, OKLAHOMA 355 


overlies the Caney shale of Mississippian age. There is a possibility that 
some of the Caney below the Cromwell sand is Pennsylvanian in age, 
especially in the southern part of the Greater Seminole district. However, 
any Pennsylvanian Caney present is very thin, and for all practical pur- 
poses the top of the Caney in the Seminole area is the top of the Missis- 
sippian. The thin limestone seems to be basal Boggy in age; and for 


Fic. 19.—Thickness of Woodford shale, Sec. 14, T. 8 N., R. 6 E. S indicates pres- 
ence of Sycamore limestone. Contour interval, 20 feet. Width of area, 1 mile. 


the sake of simplicity the underlying shale and sand zone is also re- 
ferred to the Boggy formation, although it is realized that it may contain 
fringes of any formation found in the normal sequence between the 
Wapanucka and the Boggy. This basal sand and shale zone is not lithologi- 
cally the same throughout the Seminole area. In many places it contains 
beds of conglomerate. In Strother ““D” No. 1 and in Lacy No. 1 it was 
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mostly detrital sand, but in Reed No. 18 it was sandy shale. The remark- 
ably regular interval between the thin limestone of the “Boggy” and the 
top of the Caney throughout the area north and west of the Little River 
pool is direct evidence that the Mississippian surface was essentially flat 
when the “Boggy” sea advanced. Except for a local slight thickening of 


’ 


I'1c. 20.—Thickness of Sylvan shale, Sec. r4, T. 8 N., R. 6 E. H indicates distribu- 
tion of Hunton; M indicates distribution of Misener. Contour interval, 20 feet. Width 
of area, 1 mile. 


the conglomerate and sandy shale zone at the base of the “Boggy,” no evi- 
dence has come to the writer’s attention that indicates any amount of 
filling of basins in the old erosion surface. 

In Lacy No. 1 the Caney is only 298 feet thick, much thinner than 
any section of Caney found by the writer in the Bowlegs or Seminole 
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City pools; yet the stratigraphy of the basal ‘“‘Boggy” is entirely normal, 
precluding the possibility of any amount of filling of an old topographic 
basin. Inasmuch as there is unmistakable evidence of faulting below the 
Sylvan shale in Lacy No. 1, the abnormally thin Caney section is believed 
to be the result of the well crossing a fault in the Caney. Instead of the 
normal sequence of beds between the Sylvan and Simpson sand, there is 
in this well a most irregular succession of Sylvan shale, Viola limestone, 
and “Simpson” limestone, dolomitic limestone, and silicified sand, decid- 
edly suggestive of a crushed zone due to faulting. Certainly no one famil- 
iar with the extreme regularity of the Viola and Simpson sections could 
possibly attribute this heterogeneous section to lateral gradation. 

The thickness of the basal bed of the Caney known as the ‘‘Mayes”’ 
limestone has been taken into account in the present project, but no map 
of its thickness was constructed. The ‘““Mayes”’ is merely a limy zone in 
the base of the Caney, and grades into the Caney shale member of the 
Caney. It may, therefore, vary in thickness due to this gradational con- 
tact. Nevertheless, the “Mayes” is remarkably persistent in thickness in 
those wells examined by the writer, except in The Pure Oil Company’s 
Strother ““D” No. 3, in which well the ‘““Mayes”’ is only 60 feet thick in- 
stead of the normal roo feet. This discrepancy in thickness is due to fault- 
ing and is more fully discussed in the following paragraphs. 

In the Bowlegs pool the Woodford shale is a remarkably uniform bed 
of black shale, in most places differing not more than 20 or 30 feet from 
an average of r4o feet. Figure 19 shows this tendency with one important 
exception, the 40-foot section in Strother “D” No. 3. This thin section is 
attributed to faulting. It can scarcely be due to post-Woodford or pre- 
Woodford erosion. If due to pre-Woodford erosion, the thickness of the 
Woodford and Sylvan would tend to compensate; but Figure 21 shows 
conclusively that such is not the case. In fact the close similarity of the 
contour pattern of Figure 19 and Figure 21 is decidedly suggestive that 
the Woodford sea spread over the flat surface of the Sylvan shale, Hunton 
limestone, and Misener sand. Although there is a stratigraphic break 
between the Woodford (Kinderhook) and ‘‘Mayes’’ (Chester)! equivalent 
to the entire Osage and Meramec groups of the Mississippian, it is believed 
that little erosion occurred at that time. The preservation of patches of 

« The “Mayes” limestone of the Greater Seminole district is generally considered 
the equivalent of the Mayes formation of northeastern Oklahoma correlated as Chester 
by L. C. Snider (Oklahoma Geol. Survey Bull. 24). The Chester age of the Mayes is not 
beyond question, and it has not yet been proved that the ‘“Mayes” of the Seminole area 
is the true Mayes. 
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the Sycamore limestone of upper Kinderhook age in nine of the wells is 
cited as evidence (Fig. 19). Pre-Chester erosion was unable completely 
to remove such a thin deposit as the Sycamore limestone, and is believed, 
therefore, to have been too feeble to have removed any considerable 
amount of the Woodford. If, then, the Woodford sea spread over a rela- 
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Ftc. 21.—Thickness of interval from top of Viola limestone to top of Woodford 
shale, Sec. 14, T. 8 N., R. 6 E. X indicates presence of Hunton or Misener. Contour 
interval, 20 feet. Width of area, 1 mile. 


tively flat surface, and the top of the Woodford was not subjected to 
any intense erosion, abnormally thin or thick sections of Woodford are 
probably due to deformation of the strata. If the dominant form of def- 
ormation were intense folding, greatly increased thicknesses of Wood- 
ford ought to be found associated with squeezed sections only 4o feet 
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in thickness. The former have not been found. Indeed, in the Greater 
Seminole district where thicknesses of pre-Pennsylvanian formations 
are found that differ greatly from the normal for that particular area, 
these thicknesses are almost invariably greatly decreased rather than 
increased. And this is in spite of the crooked holes which increase the 
seeming thicknesses. These facts lead to the inference that faulting rather 
than intense folding is the dominant form of local deformation within 
the large dome folds. Surely the evidence afforded by the thin “Mayes” 
and Woodford sections in Strother ‘D” No. 3 indicates that the drill 
passed through the fault surface into the upthrown side after having 
penetrated 60 feet of ‘“Mayes.”’ 

Although as shown in Figure 20 the Sylvan may vary considerably in 
thickness due to post-Devonian uplift, warping, and subsequent erosion, 
the very thin section, only 32 feet, in Strother “D” No. 1 is suggestive of 
abnormal conditions. ‘“‘Simpson’’ dolomite and silicified sand were en- 
countered directly below the Sylvan and were penetrated 5 feet. The 
Simpson limestones and dolomitic limestones above the “Seminole” sand 
vary in thickness due to gradation into the underlying “Seminole” sand 
and due to late Ordovician erosion. The Viola (Fernvale) varies in thick- 
ness due to its deposition upon a somewhat irregular “Simpson” surface, 
and also possibly to a slight erosion interval following its deposition. 
The absence of the Viola in any section where the Sylvan overlies it is so 
rare as to demand special attention. The map (Fig. 22) shows a fairly 
regular thickness for the Viola except in Strother “D” No. 1 and in Lacy 
No. 1. Although it is theoretically possible to interpret the conditions in 
Strother “‘D”’ No. 1 as due to erosion, the extreme persistence of the Viola 
throughout the Seminole area, the absence of the Viola and probably much 
of the “Simpson” in this well, the thin Sylvan section, and the evidence 
of faulting in Strother ““D” No. 3 and Lacy No. 1 are strongly indicative 
of faulting as the cause of the irregular stratigraphic sequence. 

The three wells containing the evidence of faulting are in a line of low 
wells extending northward into Sec. 11, T. 8 N., R. 6 E. In Section 14 
five of the wells in this line are dry holes, and two (and these are the high- 
est wells) are oil wells. The west offsets of these wells are all higher wells 
and, with the exception of two, oil wells. Surely such an alignment sug- 
gests faulting; this and other evidence in three wells indicate that a fault 
exists separating the line of relatively high wells from the line of relatively 
low wells. According to the writer’s interpretation Strother “D” No. 3 
drilled through the fault surface, Strother “D”’ No. 1 drilled through or 
into the fault surface, Reed Nos. 15, 16, and 17 drilled into the down- 
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thrown side, and the east line of wells of the Harjoche and Empire Lacy 
leases drilled into the upthrown side. It is assumed that Reed No. 6 
drilled through the fault surface and that Lacy No. 1 drilled into the 
fault surface. 

The fault here described seems to be the only structural irregularity 
of major size in Sec. 14, T. 8 N., R. 6 E.; at least it is the only irregularity 
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l1c. 22.—Thickness of Viola limestone, Sec. 14, T. 8 N., R. 6 E. Contour interval, 
20 feet. Width of area, 1 mile. 


that manifests itself in the stratigraphy. Fault diagrams drawn by the 
writer show the greatest displacement of the fault is approximately 130 
feet, but the subsurface elevations computed from unsurveyed depths 
indicate a much greater displacement in certain places along the fault 
(Fig. 18). This disagreement may be due to crooked holes, 
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The Texas Company’s Reed No. 7 is at the south end of a line of low 
dry holes extending northward into Section 11. The east offsets to these 
wells are, with one exception, higher wells and producers. Again faulting 
is suggested, but here no stratigraphic evidence has come to the writer’s 
attention. The map shown in Figure 18, therefore, is contoured without 
a fault in this position. This map, though undoubtedly as inaccurate as 
the depths of the holes, represents in a degree the true structure. 


SUMMARY 


The combined evidence furnished by the stratigraphy, production, 

and, to some extent, subsea elevations gives a picture of a relatively gentle 
fold faulted in one place, resulting in an area of dry holes in the depression 
east of the fault which area divides the north half of Section 14 into two 
producing areas. The evidence presented is insufficient to explain the 
low areas outside of the area affected by the fault. Possibly it is not too 
much to expect that a dome as large as the Bowlegs dome would have 
some down-warped spots such as the area into which Harjo No. 4 was 
drilled. Conclusive evidence as to the structural position of these ir- 
regularities is absent. 
It is believed that the method of attack used in studying the structure 
of Sec. 14, T. 8 N., R. 6 E., if used throughout the Seminole area, would 
throw considerable light upon the structural conditions. The holes will 
continue to be crooked and the subsurface elevations, therefore, useless 
unless corrected by surveys of the holes; but the thicknesses of the beds 
are ordinarily available, and should be used, especially in those areas 
where faulting is suspected. The geologic history of the Greater Seminole 
district is the same as the history of Sec. 14, T. 8 N., R. 6 E.; therefore, 
any reasoning used in this paper is directly applicable to the study of simi- 
lar problems at any place in the Seminole area. 


DELAWARE EXTENSION POOL, NOWATA 
COUNTY, OKLAHOMA’ , 


JAMES O. LEWIS? 
Tulsa, Oklahoma 


ABSTRACT 


The Delaware Extension pool is a long, narrow sand lens projecting westerly 
from the north end of the Nowata pool, Nowata County, Oklahoma. The pool was 
drilled up in r910 and ro11 and has produced to date approximately 4,000,000 barrels 
of oil gross. The oil comes from the Bartlesville sand at a depth of 800 feet on the east 
end and 1,200 feet on the west end. Geologically the pool is entirely a sand-lens condi- 
tion and is productive regardless of local structure. The conditions suggest that the 
sand lens is a buried river channel with similarities to the east-west shoestring pools of 
Kansas. 


The Delaware Extension pool isin Nowata County, Oklahoma. ‘The 
pool was discovered in 1909 and was drilled up in rg10 and rg11. Produc- 
tion is obtained from a sand at the Bartlesville horizon which has a maxi- 
mum thickness of 70 feet and an average thickness of approximately 40 
feet. The wells range in depth from 800 feet on the east end to 1,200 feet 
on the west end. Initial production in the several parts of the pool was 
large, several wells coming in with productions of more than 1,000 barrels. 
Nearly goo producing wells were drilled in the pool. It is estimated that 
they have produced 4,000,000 barrels gross, a recovery of approximately 
1,000 barrels per acre. 

The Delaware Extension pool is a west extension of the Nowata- 
Chelsea pool at its north end. The subsurface structure is shown in the 
accompanying map (Fig. 1), the production being outlined by the broken 
lines. The pool is a lens of sand at the Bartlesville sand horizon, which 
crosses several structural features that do not seem to have influenced the 
accumulation of oil and gas. From east to west the top of the sand drops 
in 7 miles from too feet to 300 feet below sea-level. On the north and 
south sides of the pool, the sand pinches out. On the west end the sand 
lens becomes narrower and spotted. There are several discontinuous 
spots of production west of the area shown. 


* Presented by title before the Association at the Tulsa meeting, March 26, 1927. 
Manuscript received by the editor, June 1, 1928. 
Petroleum engineer, Dunn and Lewis, Commercial Building. 
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Conditions of the sand in the Delaware Extension pool indicate a 
condition similar to the northwest-southeast shoestring-sand pools of 
eastern Kansas. The Delaware Extension is at the southern end of these 
pools. The occurrence of the sand strongly suggests a buried river 
channel, which possibly flowed from northwest to southeast into the main 
Nowata-Chelsea pool, which may represent large lagoonal or offshore sand 
bodies. In some particulars conditions are similar to the Cow Run Sand 
of Ohio and West Virginia, the Chesterhill streak part being a long nar- 
row body of sand which extends northwest and southeast and on the 
southeast connects with an area of Cow Run or Dunkard sheet sand in 
West Virginia. Like the Chesterhill streak, the Delaware pool has chan- 
nels of thick, loose sand winding throughout the pool, being first on one 
side and then on the other side of the sand body. In several places, wells 
with thick sand and rich production directly offset locations in which no 
sand was found. 


DEPEW AREA, CREEK COUNTY, OKLAHOMA! 


HELEN M. MARTIN? 
Tulsa, Oklahoma 


ABSTRACT 


The Depew area of Creek County, Oklahoma, is southwest of Bristow and includes 
two small pools and scattered clusters of wells. Surface structure is mapped with some 
difficulty owing to the fact that the sandstones and shales have weathered to a heavy 
soil cover with few and widely separated rock exposures. The eastern half of the area 
shows uniform westward dip, but the western half is broken by a series of en échelon 
faults with two small anticlines in Sections 8, 9, and 16. Subsurface structure in the 
Poor Farm and Depew fields shows small, gently dipping anticlines with the main axis 
north-south. Subsurface structures mapped on the Hogshooter lime, the Checkerboard 
lime, the base of the Layton sand, the base of the Bartlesville sand, and the top of the 
“Wilcox” sand, vary but little, but show a westward shifting of the axis of the fold. 
ee in the area is from the Layton, Cleveland, Prue, Dutcher, and ‘‘Wilcox’’ 
sands. 


The part of the Depew area under discussion is southwest of Bristow, 
in T. 15 N., R. 8 E., Creek County, Oklahoma. It is named from the 
village of Depew in the northwest corner of the township. 

In the township are two well-developed pools, the Poor Farm pool in 
Scenes, 1) 10N., RY 8 E., and)secs. 2’ and 3,-la5 N., Ro 8 E., and the 
Depew pool in Secs. 5, 8, 9, 17, and 18, T. 15 N., R. 8 E. Between these 
pools, another small pool is being developed in Sections 1o and 15. Other 
small pools are in the southwestern part of Section 15 and in Section 30; 
clusters of wells are scattered throughout the township, notably in Sec- 
tions 23 and 26. The Sheetz pool of T. 14 N., R. 8 E., extends into the 
southern part of the township. 


SURFACE STRATIGRAPHY 


The area is mapped by the United States Geological Survey in the 
southwest corner of the Bristow Quadrangle. The surface geology has 
been discussed by Fath in the United States Geological Survey report on 
that quadrangle? from which the following résumé of surface conditions 
is largely taken. The rocks exposed at the surface are all sandstone and 


« Manuscript received by the editor, April 8, 1928. 
2 The Carter Oil Company. 
3A. E. Fath, “Geology of the Bristow Quadrangle, Creek County, Oklahoma,” 
U.S. Geol. Survey Bull. 759, pp. 44-52. 
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shale, with a few non-persistent limy beds of the Bristow formation of 
Pennsylvanian age. The sandstones are soft and friable and of different 
shades of brown. They have weathered to a loose rock and soil cover with 
a few widely separated exposures, which makes the area difficult to map 
‘geologically. The exposed beds are massive sandstones lithologically so 
similar that it is difficult to differentiate them. Also,.the beds vary in 
thickness and in places change abruptly from sandstone to shale. 

In Section 11 and the eastern part of Section 10, Township 15 North, 
Range 8 East, a very abrupt change from sandstone to shale is well illustrated. 
Here a sandstone bed, which to the south appears to be persistent and to have a 
thickness of 30 feet or more, changes toward the north into red shale. This 
change is best seen in the first valley east of the west quarter corner of Section 
11, where it takes place within a distance of 100 yards. It is not merely a local 
change but appears to persist along an east-west line as far as the bed is ex- 
posed.? 


The shales, where exposed, are the red shales of the Bristow formation, 
but they are largely covered by the sands weathered from the sandstone 
outcrops. 

SUBSURFACE STRATIGRAPHY 

Subsurface correlations are made with little difficulty (Fig. 1). The 
base of the Bristow formation is found at depths ranging from 550 to 
700 feet. Below the basal sandstone of the Bristow formation, the Tiger 
Creek sandstone, is the upper shale member of the Copan formation, 
which, with all five? members represented, rests on the Hogshooter (Lay- 
ton) lime at depths ranging from 1,150 to 1,275 feet. The Hogshooter 
lime, 10-20 feet thick, is the top of the Coffeyville formation, whose 
thickness ranges from 450 to 500 feet. In the Depew area, the Layton 
sand is generally about 150 feet below the Hogshooter lime and is sepa- 
rated from the Checkerboard lime, which is near the base of the forma- 
tion, by a 200-foot shale interval. 

In some places immediately below the Checkerboard lime, in others 
separated from it by a thin shale interval, is the Cleveland sand near the 
top of the Broken Arrow formation. This formation is ordinarily 750 feet 
thick and is logged as blue and gray shales with occasional limestone 
beds. Below the Broken Arrow formation and above the Cherokee shales 
is a zone ranging from 100 feet to 150 feet in thickness, consisting of three 
thin limestones and interbedded blue, gray, and black shales—the Fort 
Scott limestone. In the southeastern part of the area, a sand body, Prue 
sand, is below the Fort Scott and is productive. In a few wells, another 


«A. E. Fath; op. ctt:, p. 0: 2A. E. Fath, op. cit. 
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sand (Peru?) is recorded below the uppermost of the three thin limestones; 
in a few others, the ‘““‘Wheeler’’ sand is logged within the zone. 

Below the Fort Scott is a dark shale ranging from 750 to goo feet in 
thickness. This interval may be all Cherokee shale or may be Cherokee 
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Frc. 1.—Cross section A-A’ eastward across Depew fold, as shown by well logs. For 
location, see Figure 3. Depths in feet. 


with a thin section of shale of Mississippian age near the base. The 
Bartlesville (Glenn) sand, ranging from 75 to 100 feet, with the thin, hard, 
unnamed lime at its base, is about 400 feet below the top of the Cherokee 
shales. Below the Cherokee and lying directly on the “Mississippi lime,”’ 
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or separated from it by a thin black shale, is the Dutcher sand. The 
Dutcher is locally absent in the area or so thin that it is not logged by the 
drillers. The ‘‘Mississippi lime” ranges from 230 to 375 feet in thickness 
(Fig. 7). Below the ‘Mississippi lime”’ is 20-60 feet of black Chattanooga 
shale overlying 20-40 feet of Viola lime, below which is the ‘“Wilcox”’ 
sand reached at depths ranging from 3,690 to 3,920 feet. One well, the 
Wolverine Petroleum Company’s M. E. Wilson No. 7 in the NW.7, NE. 
+, NW.4, Sec. 17, drilled into the Simpson formation to a depth of 4,200 
feet, finding interbedded green, blue, and black shales, pink, gray, and 
white limestones, and brown and white sands; but with no oil showings 
below the upper or “Wilcox” sand. In a few off-structure wells, not more 
than 30 feet of white shale, the Sylvan, is reported below the Chattanooga. 


STRUCTURE 


The description of the general structural features of the Bristow 
quadrangle is also a description of the Depew area. The area is on the 
regional monocline of northeastern Oklahoma. The rocks strike about 
N. 15° E., and dip northwest from 60 to 75 feet per mile. In the eastern 
part of the area, the western monoclinal dip is uniform. No change of dip 
or surface structure indicates subsurface structure of the Poor Farm pool, 
but in the western part the uniform dip is interrupted by a series of en 
échelon faults. The group trends north-northeast, but the trend of the 
individual faults is northwest at an angle of about 45° to the fault zone. 
Associated with the faults are two small anticlinal folds, a north-north- 
west-pitching fold in Sections 8 and 9 and a small closed fold along the 
west side of Section 16! (Fig. 2). 

The subsurface structure, as determined by well-log information, 
shows the Poor Farm pool, the Depew pool, and the small pool between 
them to be small anticlinal folds with less than too feet of closure, the 
longer axis extending north and south. The Poor Farm anticline is about 
rz miles long and } mile wide, and the Depew anticline is nearly 22 miles 
long and ranges from } mile to 1} miles in width. As before stated, no 
surface structure indicates the Poor Farm pool, but the Depew pool under- 
lies the zone of en échelon faults in the western part of the township. Sub- 
surface structures for the Depew pool have been mapped on the top of 
the Copan formation, on the Hogshooter lime (Fig. 3), the Layton sand, 
the Checkerboard lime, the top and base of the Bartlesville sand (Fig. 4), 
the Dutcher sand (Fig. 5), and the “Wilcox” sand (Fig. 6). The structure 
on the top of the Copan (base of Tiger Creek sandstone) conforms rather 


tA. E. Fath, op. cit. 
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closely to the surface structure (Fig. 2) as mapped by Fath" but with a 
shifting of the axes of the small anticline toward the west and southwest. 
The effect of the surface faults appears lost in the shales of the Copan 
formation, so that structures on the formations below conform rather 
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Fic. 2.—Surface map of Depew area, after Fath, U. S. Geol. Survey Bull. 759, 
Plate VII. 


closely to one another but in only a general way to the surface structure. 
With depth, the folding becomes somewhat more pronounced; the crests 
of the folds are in the same general position, but shifted slightly toward 
the west. 

1 Op. cit., Plates VII and VIII. 
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Fic. 3.—Subsurface contour map on top of Hogshooter limestone, below sea-level. Con- 
tour interval, 25 feet. Width of area mapped, 2 miles. 
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However, a change in the attitude of the strata below the Oswego— 
Fort Scott zone is evident (Figs. 5 and 6); the dip along the east side of 
the fold is more pronounced and indicates a possible fault. The writer is 
of the opinion that the Depew fold is terminated on the east in the lower 
formations by a westward-dipping reversed fault with a high angle of 
dip and downthrow on the east (Fig. 7), which grades upward into the 
small fold shown in the upper formations and at the surface in the SW. ¢ 
of Section 9. Probably faults in the lower strata, rather than narrow 
synclines, separate the Poor Farm and Depew folds from the fold between 
them. 

Some evidence may be adduced that the dry hole in the NW. i, NE. 
4, SW. 4, Sec. 9, drilled almost on the crest of the fold mapped by Fath 
(Fig. 2), passes through the fault. The log, if correct, may be inter- 
preted as having a repetition of the Bartlesville sand zone (thick sand 
body and thin lime below it) from 2,892 to 3,060 feet and from 3,278 to 
3,480 feet, and no Dutcher recorded, as in many other wells of the field. 
The well would then cross the fault about 3,270 feet below sea-level, which 
would give a vertical throw ranging from 380 to 4oo feet. The thinner sec- 
tion of “Mississippi lime,” as compared with the thickness of the lime on 
the fold, is considered as evidence of earlier faulting, producing a line of 
weakness. The log of the dry hole in the NE. + of Section 9 offers similar 
evidence of faulting. Or, the fault may be between the edge of the pool 
and the dry hole and may have occurred before the deposition of the 
Dutcher sand; thus, the thick sand body between 3,278 and 3,480 feet may 
be Dutcher deposited in the trough of the fault block. 

In either condition the fault does not extend to the Fort Scott horizon, 
as the Fort Scott and beds above it show no evidence of a north-south 
fault. Unfortunately, the lack of samples from the well prevents proof or 
disproof of either hypothesis. Evidence from the logs of a well or two is 
recognized as being far from conclusive but it is offered for what it may be 
worth. The Poor Farm pool offers little evidence for speculation about 
possible buried faults, and too little is yet known about the fold between 
the Poor Farm and Depew folds, although it is evident that a fault exists 
between the wells in the SE. ¢, SW. 4, Sec. 3, and NE, 1, NW. }, Sec. 10, 
and their east offset wells. Accumulation in the Dutcher and “Wilcox” 
sands is evidently due to some pre-Fort Scott warping and faulting of 
the older beds. 

DEVELOPMENT 

Development commenced in the area in r912, when a well was drilled 

in Sec, 2, T. 15 N., R. 8 E., by the Kahawna Oil Company. The well was 
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drilled 100 feet into the Bartlesville sand with a hole full of water and was 
abandoned early in 1913 at a depth of 2,884 feet. In 1915, a dry hole was 
drilled in Section 14 through the Fort Scott and was abandoned at 2,720 
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feet. The discovery well of the Poor Farm pool was the Wilcox Kelley 
No.1, in the SE. 4, SW. 4, SE.3, Sec. 35, T. 16 N., R.8 E., which was drilled 
to the Dutcher sand at 3,117 feet in January, 1921, and had an initial 
production of 250 barrels. Total recovery from the wells on the Kelley 


cation, see Figure 3. 
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lease (to mid-summer, 1928) was 269,266 barrels. The discovery well is 
now plugged and abandoned. In May, 1922, the Roland Oil Company 
completed its Alex No. 2 (NE. 1, NW.4, SW. i, Sec. 2, T. 15 N., R. 8 E.) 
in the Dutcher sand at 3,148 feet, with an initial production estimated to 
be between 8,500 and 10,000 barrels. Total recovery from this well is esti- 
mated at 500,000 barrels. It is now abandoned. That gas pressure was 
the important factor in the Dutcher production in the vicinity of the 
phenomenal Roland well is shown by the fact that the east and north 
offsets of the well drilled two months later were good (2,400 barrels) 
wells, but the north and southwest offsets, drilled a year later, were dry 
holes, although the top of the sand was higher in both wells than in the 
Roland well and the north offset (Carter Lou Cat No. 2) was drilled 36 
feet into the sand. The Carter Oil Company deepened Lou Cat No. 6, 
which had had an initial production in the Dutcher sand of 3,687 barrels, 
to the “Wilcox sand” and completed a 71-barrel well. The well reached 
the “Wilcox” at 3,665 feet and was drilled to 3,775 feet, but production 
was in the top of the formation. Other wells of the Poor Farm pool, which 
have been deepened to the ‘“‘Wilcox,”’ have been light producers. Total 
recovery from the Poor Farm pool is placed (summer of 1928) at 5,830,611 
barrels, an average of 14,950 barrels an acre. The M. Harjo lease of the 
Wilcox Oil Company, in Sec. 35, T. 16 N., R. 8 E., with an average re- 
covery of 19,092 barrels an acre, has been the best lease. 

The Depew pool was opened late in 1922 by the Hiram Oil Company 
with its Robberson No. 1 in the northeast quarter of Section 8, which 
produced from 1,800 to 2,000 barrels from the Dutcher sand at 3,234 to 
3,238 feet and in ninety days had produced 283,000 barrels, the largest 
Dutcher well in the pool. About eight months later, this well was deepened 
to the“ Wilcox” and produced 30 barrels from 3,730 to 3,798 feet. The well 
at present produces 55 barrels a day from both sands. The “Wilcox” dis- 
covery well was the Gypsy Oil Company’s Willie Wild Cat No. 1 in the 
NE. 7, SE. 4, Sec. 8, which reached the “Wilcox” sand at 3,801 feet and had 
an initial production of 300 barrels, natural. Both these wells are on the 
eastern edge of the pool. The most prolific ‘‘Wilcox’’ wells are in Section 
17, the top of the “Wilcox” fold, which, as stated elsewhere in this report, 
is slightly west of the axis of the Dutcher “high.” The largest producer, 
The Pure Oil Company’s Yahola No. 2, penetrated the “Wilcox” sand 
from 3,742 to 3,798 feet, and, when shot, flowed 1,680 barrels. “Wilcox” 
production has ranged from r5 to 60 barrels a day on the edge of the pool 
to 200 to 1,000 barrels a day in Section 17. The total recovery from the 
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Depew pool was (summer of 1928) 7,616,090 barrels, an average of 8,462 
barrels per acre, mainly “Wilcox” oil. 

The producing sand of the gas field in Section 30 is the Dutcher. The 
gas field probably represents the extension of the fault zone east of the 
Depew field and possibly the area of ‘“‘scissoring” along the fault. The 
wells in Section 26 produce from a sand (Prue? Wheeler?) in the Fort 
Scott zone. Production in the small pools in Sections ro and 15 is mainly 
from the Dutcher, as in the Poor Farm pool. Scattered wells in Sections 
20, 22, 27, 29, 30, and 35, which were drilled to the “Wilcox,” are dry. 
Other scattered wells in Sections 22, 23, 25, 34, and 35 produced from the 
Layton, Cleveland, and Prue sands. Wells in Sections 20, 22, 27, 29, 30, 
and 35 drilled to the “Wilcox” are dry, the chief “‘Wilcox” production of 
the area being restricted to the Depew pool. The Prue structure, extend- 
img from Tr14 N., R. 8 E., into Secs. 34 and 35, T.15 N., R.8 E., is no 
evidence of underlying ‘‘Wilcox”’ structure, as the Prue is a lenticular 
sand. Only deeper drilling in the southeast quarter of the township will 
prove the presence of ‘‘Wilcox”’ oil. 


AN OIL FIELD IN T. 25 N., R. 8 E., OSAGE 
COUNTY, OKLAHOMA’ 


C. D. STEPHENSON? 
Tulsa, Oklahoma 


ABSTRACT 


The field here described, located in the southwest portion of T. 25 N., R. 8 E., 
Osage County, Oklahoma, produces oil from three formations, each bearing a different 
but definite relation to the geologic structure. All of the reservoir rocks are salt-water- 
bearing off of the local folds and oil-bearing on the higher parts of the closed structures. 
The field furnishes an excellent example of oil and gas accumulation governed by the 
principles of the anticlinal theory. 


INTRODUCTION 


The area described in the following report is situated in Secs. 19, 20, 
21, 29, 30, and 31, T. 25 N., R. 8 E., Osage County, Oklahoma, about 15 
miles southwest of Pawhuska. The field is interesting in that it produces 
oil and gas from three formations each having a different relation to the 
local structure. The field was originally explored as three separate folds, 
but at the present time the oil production in one horizon extends almost 
continuously throughout the area. Figure 1 shows the general location 
of the area, 

All of the exploratory drilling and geological work with which the 
writer is familiar was guided by U.S. Geological Survey Bulletin 686, 
which shows the geological surface structure of T. 25 N., R. 8 E. 

The writer is indebted to the oil and gas department of the Osage 
Indian Agency and to the companies operating in this field for some of 
the data used in this report. 


STRATIGRAPHY 


Outcropping formations.—The formations exposed in this field are 
Pennsylvanian in age. Approximately 200 feet of a vertical geological sec- 
tion was used in the structural mapping. Within this section occur five 
limestone beds, any one of which might be used as a thoroughly reliable 

« Presented by title before the Association at the Tulsa meeting, March 26, 1928. 


Manuscript received by the editor, July 28, 1928. Published by permission of The 
Galt-Brown Oil Company. 


2 The Galt-Brown Oil Company. 
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key bed. The writer used the Bird Creek limestone, as it was the most 
widely distributed. 

Subsurface formations.—Formations of Ordovician, Mississippian, and 
Pennsylvanian age have been encountered by drilling in the area. Sub- 
surface maps have been made on four horizons, namely, the top of the 
Layton sandstone, the base of the Oswego limestone, the top of the Bur- 
gess sand, and the base of the Chattanooga shale. With the exception of 
the Chattanooga shale, the names just previously used are drillers’ terms 
and appear in many well records. Figure 2 shows the formations encoun- 
tered by drilling and the average depth at which they are found. 


OK AwIO M.A 


Fic. 1.—Index map of Oklahoma showing area covered by this paper. 


The Layton sandstone has been correlated with the Coffeyville" for- 
mation which crops out in R. 14 E., Washington County, Oklahoma. 
The Layton sandstone as reported by well logs in this area has a maximum 
thickness of 50 feet. It contains irregular lenticular beds of shale. This 
formation everywhere in this field contains gas, oil, or water. Where wells 
are completed as commercial gas or oil wells, the Layton sand is gener- 
ally not penetrated more than 20 feet. It is found at an average depth 
of 1,050 feet. 

The Oswego limestone of the drillers’ records has been correlated 
with the Pennsylvanian Fort Scott? limestone. In this field it has a thick- 
ness of 65 feet and is found at an average depth of 2,050 feet. 


1G. C. Clark and C. L. Cooper, “Oil and Gas in Oklahoma,” Oklahoma Geol. Sur- 
vey Bull. 4o-H (1927), p- 22. 

2C. N. Gould, “Index to the Stratigraphy of Oklahoma,” Oklahoma Geol. Survey 
Bull. 35 (1925), p- 65. 
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The Burgess sand, which is the main producing horizon of this field, 
is shown by samples to be chert and is probably the equivalent of the 
Boone chert (Mississippian). This chert, where non-productive of oil, or 
productive of gas, is ordinarily logged as limestone because of its white 
color and other lithological characteristics. Where the chert is productive 
of oil, it is commonly logged as sand because it does not effervesce in acid; 
and if oil is present, the cuttings resemble in shape and size a very coarse- 
grained sandstone. The Burgess sand is the uppermost member of the 
formation known in Osage County as the ‘‘Mississippi lime,” and is found 
at an average depth of 2,400 feet. The Burgess sand is approximately 
4o feet thick, 

The Chattanooga shale, the base of which has been used as a reliable 
subsurface-marker, is not recognized in drillers’ logs, but is reported as 
black limestone, together with the black Mississippian limestone lying im- 
mediately above. This error probably results from the facts that the Mis- 
sissippian limestone and the Chattanooga shale have a very similar black 
color, that this shale is quite as difficult to drill as the limestone, and 
that the shale is slightly calcareous, effervescing in acid. The age of the 
Chattanooga is Mississippian.t The base of the Chattanooga shale is 
readily recognized by drillers from the marked change in the lithological 
features of the underlying formation and the ease with which the latter 
is penetrated by the drill. The Chattanooga shale is about 20 feet thick 
throughout this area. 

The Tyner? formation (Middle and Upper Ordovician) is encountered 
below the Chattanooga. The Tyner is made up of alternating beds of 
green shale and sandstone and beds containing both shale and sand. In 
the locality of this report the formation has a uniform thickness of 25 
feet. The sand grains are largely egg-shaped and have a frosted appear- 
ance, features which make them easily differentiated from other sand- 
stones in the area. The “Hominy” (Burgen) sandstone is found in the 
Tyner formation. This sandstone is reported to produce oil wells of 
large initial production in this field and other parts of Osage County. 

The oldest formation encountered in this field is locally known as the 
“Siliceous lime.” This formation correlates with the “Turkey Mountain” 
and Arbuckle? limestone (Cambro-Ordovician). This limestone has not 
been penetrated by any well in this field, but the records of wells in the 

1G. S. Buchanan, “Distribution and Correlation of the Mississippian,” Bulletin 
Amer. Assoc. Petrol. Geol., Vol. 11 (1927), pp. 1308-10. 

2C. N. Gould, op. cit., p. 56. 

3. L. Aurin, Bulletin Amer. Assoc. Petrol. Geol., Vol. 4 (1920), p. 177- 
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general area indicate a normal thickness in excess of 500 feet. In some 
areas this thickness is materially reduced at locations which are struc- 
turally high. The cuttings of this formation are peculiarly fine-grained 
and have the appearance of sand, for which the formation is commonly 
mistaken. The limestone is dolomitic. In fragments secured from wells 
which have been shot, the formation is megascopically observed to be 
very porous. The top of the ‘‘Siliceous lime” has been productive of very 
large oil wells in Osage County. 

The formations described are present throughout the area of this re- 
port, with little or no differences in thickness on or off the structurally 
high areas, Regionally the Tyner formation thins toward the north and 
thickens toward the south. At the center of T. 26 N., R. 8 E., it is absent, 
and the Chattanooga shale is in contact with the ‘‘Siliceous lime.” 

Local sources of oil.—The Pennsylvanian shales in contact with the 
Layton sandstone offer a source for the oil found in this formation. 

The Cherokee shale (Pennsylvanian), the probable source of Bartles- 
ville-sand oil, overlies the Burgess sand and is the source of the oil found 
in the latter. 

The oil in the Tyner formation and the oil in the ‘‘Siliceous lime” 
probably have a common source. The most probable source for this oil 
is the Chattanooga shale, as the Tyner formation here is predominantly 
sand with a little green shale, and the “‘Siliceous lime’’ is not sufficiently 
carbonaceous, 


SURFACE STRUCTURE 


In Osage County the normal surface dip is W. to N. 75° W. at an 
average rate of 45 feet to the mile. Eastern Osage County, of which R. 
8 E. is the approximate western edge, is closely folded throughout, with 
features ranging from noses to anticlines with as much as 8o feet of clo- 
sure. Several prominent folds and faults are found at the surface in R. 8 
E., and this line of folding is underlain by prominent subsurface folds 
which may be traced south to the southern boundary (T. 21 N.) of Osage 
County. Five wells on this line of folding are reported! to have encoun- 
tered granite at regionally shallow depths. The report has been verified 
by the writer for two of the wells, namely, the Marland Refining Company 
and Kay County Gas Company’s No. 1 in SE. }, NE. 3, Sec. 16, T. 24.N., 
R. 8 E., which encountered what was probably weathered granite at 
2,480 feet and unweathered granite at 2,526 feet, and The Gled Oil Com- 
pany’s No. 3 in SE, 4, NE. 4, NE. 4, Sec. 16, T. 24 N., R. 8 E., which 


"F.C. Greene, Bulletin Amer. Assoc. Petrol. Geol., Vol. 9 (1925), pest 
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encountered granite at 2,710 feet. These two wells are about 4 miles 
south of the area here described. 

West of T. 25 N., R. 8 E., there is a marked decrease in the amount 
of folding, there being probably less than one-sixth as many folds and even 
fewer faults in the general area extending 20 miles toward the west. 


Fic. 3.—Map show 
Oklahoma, after U. S. Geol. Survey Bull. 686. Checked in reconnaissance and detail. 
Width of area mapped, 25 miles. 


Figure 3 shows the surface structure of the field as mapped in U.S. 
Geological Survey Bulletin 686. 

The writer has checked a portion of this area, using a plane table and 
alidade, and the results of this mapping are shown in Figure 4. Other 
geological maps which have been accessible closely approximate the work 
shown in Figure 4. The remainder of the area shown in Figure 3 and not 
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Fic. 4.—Surface structure of part of T. 25 N., R. 7 and 8 E., Osage County, 
Oklahoma, contoured on the Bird Creek limestone. Width of area mapped 1} miles. 
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shown in Figure 4 has been checked in reconnaissance by the writer, and 
the work shows essentially the same structure. It will be observed that 
the prominent features of the surface structure are two closed domes and 
a long, pronounced nose. 


MAP SHOWING 
SUBSURFACE STRUCTURE ON TOP OF 
LAYTON SAND 
PORTION OF T-25N. R8E. 
OSAGE COUNTY. OKLA 
@LAYTON SAND TEST. 


@ BURGESS SAND TEST. 


© PRE- CHATTANOOGA TEST 
CONTOUR INTERVAL /0FT. 


Fic. s.—Map showing subsurface structure on top of Layton sand. Width of area 
mapped, 22 miles. 


SUBSURFACE STRUCTURE 


Figures 5, 6, and 7 display the subsurface structure as mapped on the 
Layton sand, the Burgess sand, and the base of the Chattanooga shale, 
respectively. 

In all of the subsurface maps, wells producing from different horizons 
are indicated by different symbols. The structure of these formations is 
very similar. The structures as revealed by the Burgess and by the 
Chattanooga are of almost equal steepness, and both are steeper than the 
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structure shown by the Layton. There is some thinning of the section 
between the Layton sand and the Burgess sand over the tops of the domes. 
The nonconformity which is known to occur in other localities at three 
different horizons, from the top of the Mississippian limestone into the 
top of the ‘‘Siliceous lime,’ is not present within the limits of this field. 


‘ 


MAP SHOWING 
SUBSURFACE STRUCTURE ON TOP OF 
BURGESS SAND 
PORTION OF T.25N. R8E 
OSAGE COUNTY. OKLA. 

@LAYTON SAND TEST 


®@ BURGESS SAND TEST 


© PRE-CHATTANOOGA TEST 
Elev. Below Sea Leve/ CONTOUR INTERVAL j0Ft. 


Fic. 6.—Map showing subsurface structure on top of Burgess sand. 


Given an accurate depth (samples and steel-line measurement) for the 
top of the Burgess, the writer has found it possible closely to predict the 
depth at which any of the lower formations will be encountered, using 
the same thickness for lower beds in all wells. It is believed that irregu- 
larities in this field are due to inaccurate records rather than to actual 
differences in the thickness of formations. This uniformity of thickness 


for Mississippian and older formations has been observed in other fields 
in this area. 
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The tops of closed subsurface domes in this area are shifted toward 
the west or southwest of the tops of the surface domes (compare Figures 
5, 6, and 7 with Figures 3 and 4). This shifting was found on five closed 
domes in T. 24 and 25 N., R. 8 E. 


<iere 


ie 


MAP SHOWING 
SUBSURFACE STRUCTURE ON BASE OF 
CHATTANOOGA SHALE 
PORTION OF T25N R8E 
OSAGE COUNTY OKLA. 
a 'LAYTON'SS. TEST 
e" BURGESS" SS TEST. 
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CONTOUR INTERVAL /OFt. 
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Fic. 7.—Map showing subsurface structure on base of Chattanooga shale. 


FAULTING 


There are several lines of en échelon normal faults in Osage County. 
The lines of faulting trend N. 25° E., although most of the individual 
faults have a trend N. 30° W. The line of faults in R. 8 E. mentioned in 
the paragraph describing the regional surface geology is one of the most 
prominent in Osage County. Faults in this line have a maximum vertical 
displacement of go feet. 

A fault is present on the east side (Fig. 3) of the field. It has a vertical 
displacement of 30 feet, and the downthrow is on the northeast side. 
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Starting at the south end of the surface reflection, this fault plane trends 
N. 10° W. for approximately 6,200 feet, where the trend makes an abrupt 
turn N. 45° W. and continues for 1,700 feet. The writer has mapped very 
similar changes of fault-plane direction at other localities in Osage and 
Pawnee counties. This feature also appears on many of the plates show- 
ing surface structure in U.S. Geological Survey Bulletin'686. Because no 
wells have been drilled in a suitable location, it is impossible to tell whether 
the fault in this field is present in the underlying formations. Subsurface 
work elsewhere in T. 25 N., R. 8 E., shows that some faults which are 
present at the surface are also present in the Mississippian limestone. 
A study of the records of the two wells in this field drilled nearest to the 
surface fault shows that neither drilled through the fault plane. The fault- 
ing here is not older than late Pennsylvanian. 

There seems to be no relation between faulting and oil or gas pro- 
duction in the field. Other fields in the immediate area where no faults 
exist have the same oil accumulation phenomena. 


ORIGIN OF FOLDS 


A widespread difference of opinion exists as to origin of domes and 
other structural features of the northeastern Mid-Continent oil and gas 
field, and many articles' have expressed reasons for different theories. 

The writer believes that most of these folds are the result of rotational 
stress, probably transmitted through the basement complex. The forces 
acted several times during geologic history on the same lines of weakness. 
The fact that a majority of these folds have the same direction (north- 
east) for their major axes favors this theory. The lines of en échelon 
faults with parallel trends (N. 25° E.) and individual fault-plane trends 
(N. 30° W.) suggest a common origin in rotational stress. N. W. Bass? 
shows one area where faults which are probably due to slumping over 
buried hills or into solution cavities have no parallel trends. In most of 
the fields of Osage County with which the writer is familiar, it has been 
found that on the top of closed domes, or anticlines contoured on the top, 

tL. L. Foley, “The Origin of the Faults in Creek and Osage Counties, Oklahoma,” 
Bulletin Amer. Assoc. Petrol. Geol., Vol. 10 (1926), pp. 2903-303; A. E. Fath, ‘The 
Origin of Faults, Anticlines, and Ruined Granite Ridge of the Northern Part of the Mid- 
Continent Oil and Gas Field,” U.S. Geol. Survey Prof. Paper 128-C (1920); H. D. Hed- 
berg, “The Effect of Gravitational Compaction on the Structure of Sedimentary 


Rocks,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 10 (1926), pp. 1035-72; R. W. Brown, 
“Origin of the Folds of Osage County, Oklahoma: ” abid., Vol. 12 (1928), pp. sor—13. 


*“Geologic Investigations in Western Kansas,” State Geol. Survey of Kansas, 
Bull. rr (1926), pp. 44-40. 
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the Mississippian is shifted toward the west or southwest of the top of 
the surface structure closure. This shifting suggests folding by rotational 
stress rather than settling over buried hills or compression with equal 
pressure acting from all directions. In some areas, settling over buried 
hills undoubtedly contributed to the forming of the anticlines and domes 
of the northern Mid-Continent fields, but the writer believes that these 
hills were caused by stresses and that they have been enlarged by re- 
peated action at different times. 


RELATION OF PRODUCTION TO STRUCTURE 


The oil and gas found in the three producing horizons of this field 
all have a definite relation to the structure, but each horizon differs mark- 
edly from the others in this relation. All of the reservoir beds are wide- 
spread deposits and carry salt water in this field where encountered low 
in the structure. 

For convenience, references to the four domes shown on the subsur- 
face maps in Figures 5, 6, and 7, are lettered as follows: in the northeast 
quarter of Section 29, A; in the southwest quarter of Section 19, B; in 
the northwest quarter of Section 30, C; and in the northwest quarter of 
Section 31, D. 

The Layton sand produces gas on the tops of all four domes. Oil pro- 
duction in this sand has been confined to the south and southeast flanks 
of domes A and B. Wells drilled low on these domes carry salt water in 
this horizon. This field is the only area within the four adjacent town- 
ships which produces oil of importance in the Layton sand. Many other 
structural conditions favorable for accumulation of oil and gas have been 
unsuccessfully tested in this formation. It is suggested that the squeezing 
of the shales in the pronounced syncline in Sections 32 and 33 (Fig. 3), 
south of this Layton sand production, is the local condition which fur- 
nished the oil. The location of the production on the domes indicates a 
migration from this direction. 

The Burgess sand has produced oil, gas, or salt water within certain 
definite structural limits in this area. Domes A and B produce only gas 
on the tops; the oil production occurs well down the flanks. Domes C and 
D are structurally lower with reference to domes A and B, and the Burgess 
sand produces oil on the tops of the former domes. Figure 6 shows the 
lower level of the gas and the water level. Any well which encounters the 
Burgess sand at less depth than 1,360 feet below sea-level produces pre- 
dominantly gas. Well No. ro, in northeast quarter of Section 30, closely 
approaches this level and produces a large amount of gas but very little 
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oil. Wells encountering this formation at greater depth than 1,440 feet 
below sea-level produce salt water. At present there has been no notice- 
able encroachment of the water level. The oil production in this horizon 
was here originally found on the southwest flank of dome A and has grad- 
ually extended along the south flanks of domes A and B and the east 
flanks of Cand D. Within the past year oil production has been extended 
to the tops and slightly down the west flanks of domes C and D. It is 
predicted that oil production will extend down the west and southwest 
flanks of domes B, C, and D until it reaches a plane where the Burgess 
is found at greater depth than 1,440 feet below sea-level. The largest 
Burgess sand wells have been found between the 1,380-foot and 1,410- 
foot contours (Fig. 6). The oil seems to have migrated to these domes 
from the south and west. 

The oil production secured below the Chattanooga shale occurs only 
on the very tops of domes A and B. There is some doubt whether the 
pre-Chattanooga oil is from the Tyner formation or the “‘Siliceous lime.” 
Samples from most of the deep wells on domes A and B indicate that the 
oil horizon is the ‘‘Siliceous lime.’’ Samples from the No. 1 well in the 
southwest quarter of Section 21 show only sand and green shale of the 
Tyner formation, but the writer believes that these may not represent 
the actual producing zone. This well began flowing at the rate of 2,000 
barrels a day after drilling through a hard shell. The securing of reliable 
samples is difficult in large flowing wells. The oil-producing horizon is less 
than 5 feet thick. The salt water in this zone is structurally much higher 
than that in the Burgess sand. 

Salt water is encountered in one of the Tyner sands on dome A, 5 
feet above the oil-producing horizon. Generally, in this field, the higher 
structurally a well is located the more water is encountered in the Tyner, 
and the larger the oil well when the producing horizon is reached. Wells 
on dome B had no water in the Tyner, and the “‘Siliceous lime’’ oil wells 
averaged about one-fifth as large as the average well from the same for- 
mation on dome A where water was encountered in the Tyner. This fea- 
ture was also observed on another subsurface dome in Sec. 6, T. 24N.,R. 
8 E., 3 miles south of the field here reported. In Sec. 6, T. a4 .NiRi8 Bs 
wells on top of the closure had a hole full of water in the Tyner formation 
above the oil horizon, and wells drilled on the flanks of the dome had de- 
creasing amounts of water. Wells drilled so feet structurally lower than 
the top closure had no water in the Tyner formation and did not produce 
oil in the “Siliceous lime.” This phenomenon is not explained by the 
writer but is here mentioned as an observed fact. 
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Domes C and D have not been tested below the Burgess sand, but 
both will probably produce oil in pre-Chattanooga formations. Because 
these domes are much lower than domes A and B, it is believed that the 
deep wells will not produce as profitably as those on dome A. 


OIL AND GAS PRODUCTION ¥ 


The Layton sand gas wells in this field have an average initial pro- 
duction of 2,000,000 cubic feet daily, and the oil wells have a daily pro- 
duction varying from 50 to too barrels daily after an average nitroglycerin 
shot of 60 quarts. The gravity of the oil is 39° Bé. It is customary to 
pump Layton sand wells. 

The oil produced from the Burgess sand varies in gravity from 39° 
to 41° Bé. Casinghead gasoline is also profitably produced from this for- 
mation, but no figures are available as to the exact amounts. Small shots 
ranging from 10 to 15 quarts of nitroglycerin have been used in about 
one-third of these wells. Ninety per cent of the two-year-old Burgess wells 
are still flowing. 

Figure 8 shows a total production curve and a curve indicating a daily 
average production per well for the northwest quarter of Section 29. 
This lease produces only from the Burgess. Eleven wells on this quarter- 
section had an average initial production of 140 barrels daily. By June 1, 
1928, a yield of 4,000 barrels per acre had been obtained in four years. 

Production data for the northeast quarter of Section 30 are shown by 
Figure 9. This tract also produces only from the Burgess sand. In the 
first eighteen months, ending January 1, 1928, fourteen wells on this lease 
had produced 4,000 barrels to the acre. These wells had an average daily 
initial production of 228 barrels. 

The production secured in other tracts producing from the Burgess 
sand had the following average daily initial production: 


No. of AV A Lees 

Wells Barrels 
N'Woa; Seti 36/431 s cee een ee 4 150 
oh ras a Sak omega emi tee Shoe, 2 236 
SEO ge Set. 40, tee ee eee 4 E75 
N Wits Sectsn nace opines 3 303 
NEG}; Seti3i ne 0) ee 3 154 


Production in these tracts is comparable with that found in the north- 
east quarter of Section 30, which is shown in Figure 9. While most of the 
leases producing from the Burgess are in the process of development and 
predictions of the yield per acre are uncertain, the past production here 
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and in other Burgess fields warrants an estimation of 10,000 barrels to 
the acre for the Burgess sand in this field. 

Figure 10 shows production curves for the northeast quarter of Sec- 
tion 29. It will be noticed that in ten months after the completion of 
the first pre-Chattanooga well on this lease three more wells producing 
from the same horizon were completed and a total production of 1,000,000 
barrels had been secured. Although some production has been obtained 
from the Burgess and Layton sands on this lease, approximately 95 per 
cent of the oil here produced is from the ‘‘Siliceous lime.”” These wells had 
initial productions ranging from 600 to 6,o00 barrels daily. The small 
area producing from the “‘Siliceous lime” on this lease has yielded more 
than 20,000 barrels to the acre in four years. The oil tests 41° Bé. The 
wells have a rapid decline and produce large amounts of salt water with 
the oil after they are one year old. It is ordinarily necessary to pump the 
“Siliceous-lime”’ well after a short period. Most of the operators in this 
area produce ‘‘Siliceous-lime” oil through small orifices, and a back pres- 
sure is carried on the well. 

CONCLUSIONS 


The accumulation of oil and gas in this field is the direct result of 
anticlinal folding, although the relation of production to the structure 
differs in the different producing horizons. The migration of the oil seems 
to be the result of oil seeking the structurally high locations by a separa- 
tion from salt water due to the differences in specific gravity. The tops 
of the subsurface domes are slightly west of the tops of the surface domes, 
but the search for productive areas may be guided by surface structure. 


CUSHING OIL AND GAS FIELD, CREEK COUNTY, 
OKLAHOMA" 
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Tulsa, Oklahoma 


; ABSTRACT 


The Cushing oil and gas field has produced nearly 300,000,000 barrels of oil since 
the completion of the discovery well in 1912. This amount is exceeded only by two other 
continuous fields in the United States. Accumulation of oil in the field is due to the 
presence of an anticline 20 miles in length. The producing area comprises 34 square 
miles. The average yield per acre to January 1, 1928, was 12,993 barrels. Previous 
publications relative to the Cushing field have not discussed in detail the unconformable 
relation between the Pennsylvanian strata and underlying rocks. At the Dropright 
dome, the Bartlesville sand (lower Pennsylvanian) rests on the Arbuckle limestone 
(lower Ordovician). This unconformable condition is present but less pronounced 
throughout the entire field. The pre-Pennsylvanian rocks on the east limb dip at a rate 
of 15°. The west flank dips at a rate of less than 2°. Several erosion cycles have affected 
the rocks in the Cushing district. The fold was probably present as an anticline at the 
end of Arbuckle time. Local history of movement cannot be traced during Ordovician, 
Silurian, Devonian, or Mississippian time. In early Pennsylvanian time the Cushing 
anticline was again uplifted. Subsequent erosion of the newly formed anticline resulted 
in the typical concentric distribution of outcrops about the anticlinal axis. The base- 
leveled anticline was later covered by the advancing early Pennsylvanian sea. Gentle 
uplifting occurred contemporaneously with the deposition of the Pennsylvanian rocks. 
The predominant west dip of surface beds throughout the region suggests a westward 
tilting of the Cushing anticline at some time after the deposition of the Pawhuska for- 
mation, outcroppings of which occur in the Cushing field. 


INTRODUCTION 
GENERAL STATEMENT 


The Cushing oil and gas field occupies an area of 34 square miles in 
T. 16, 7, 18, and 19 N., R. 7 E., in the northwestern part of Creek Coun- 
ty, Oklahoma. 

The discovery well was drilled by C. B. Shaffer on the Wheeler farm, 
Sec. 31, T. 18 N., R. 7 E., and was completed in March, 1912. The loca- 
tion was later found to be on an anticline. The discovery of oil and gas 
on this and other anticlines was an early stimulus to petroleum geology 
in the northern Mid-Continent region and led to the introduction of the 
term “‘on structure’ for reference to wells located on anticlines. 

* Published by permission of the Tidal Oil Company. Manuscript received by the 
editor, February 28, 1928. 

* Divisional chief geologist, the Tidal Oil Company. 
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Previous literature is available embodying the early history and de- 
velopment of the field.' The present paper is devoted to more recent 
findings and conclusions. 
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correlation methods. 


OIL AND GAS PRODUCTION 


Oil and gas occurs at the crest of the anticline in the Layton, Jones, 
Wheeler,? Prue, Skinner, Red Fork,’ and Bartlesville sands of Pennsyl- 
vanian age and in the ‘“‘Wilcox’”’ (Tucker) sand‘ and Arbuckle limestone’ 
of Ordovician age. 

The Layton sand produces throughout an area of 14 square miles, 
Due to the prolific productivity of deeper sands, the Layton horizon 
was given little attention at the crest of the anticline. The Wheeler lime 
produces mainly on the west flank of the anticline. Production from this 
horizon was short-lived, and many wells were abandoned after producing 
but a year. The areal extent of production from the Wheeler covers near- 
ly 11 square miles. In the Cushing field proper the production of oil from 
the Prue, Skinner, Red Fork, and Jones sands was insignificant in amount. 
Production in the Skinner sand is limited to Secs. 2 and 3, T. 18 N., R. 
7 E., and the southeast part of T. 19 N., R.7 E. The Bartlesville sand pro- 
duces throughout an area of approximately 28 square miles. Production 


t Frank Buttram “The Cushing Oil and Gas Field, Oklahoma,” Oklahoma Geol. 
Survey Bull. 18 (1914); Carl H. Beal, “Geologic Structure in the Cushing Oil and Gas 
Field,” U. S. Geol. Survey Bull. 658 (1917); D. P. Wardwell et al., “Water Problems in 
the Northern Part of the Cushing Field, Creek County, Oklahoma,” U.S. Bur. of Mines, 
mimeographed report (February, 1927). 

2 The Wheeler “sand” is a limestone and is generally correlated with the upper 
member of the Oswego limestone. 

3 The Red Fork sand is commonly designated as the “Squirrel sand” in the Cushing 
field. The latter is equivalent to the Prue sand and obviously is not to be correlated 
with the Red Fork sand. 

4 The term “Wilcox” sand is used in the text of this paper to include all of those 
closely associated sands of Ordovician age, the Burgen, Tyner, and “Wilcox.” 


s Known also as “‘Siliceous lime.” 
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of oil and gas from the “Wilcox” sand and Arbuckle limestone is restricted 
to the very crests of the domes. It is significant that the Arbuckle lime- 
stone produces only on the Dropright dome, where the “Wilcox” has 
been removed. ; 

Total production of the entire field to January 1, 1928, was 283,894,- 
274 barrels from 21,850 producing acres, an average yield of 12,993 
barrels per acre. The total recovery is exceeded by only two other fields 
in the United States, the Midway-Sunset and Coalinga fields of California. 
The peak of daily production of 305,000 barrels was reached in May, 1915, 
the field then being three years old. Daily production on January 1, 
1928, was 21,050 barrels from 2,375 wells. These figures are but approxi- 
mate, owing to unrecorded wastes of oil during early stages of develop- 
ment and the possible addition of production from near-by fields. 

Development of the Cushing field occurred during an extraordinary 
period of Bartlesville-sand exploitation in Oklahoma. The Nowata, 
Bartlesville, Glenn, and eastern Osage County fields gave the Bartles- 
ville sand a distinction for productivity unexcelled by any other oil sand. 
Cushing added fame to this horizon. 

Recovery of oil from each individual sand at Cushing cannot be dif- 
ferentiated. Total average yield from the Bartlesville sand would cer- 
tainly not exceed 8,000 barrels per acre. Later in the present discussion 
the Bartlesville sand will be shown to be resting unconformably upon 
the “Wilcox” sand and other Ordovician beds. Oil from the “‘Wilcox”’ 
sand may have migrated through this unconformable contact into the 
immediately overlying Bartlesville sand, lending a greater quantity of oil 
to the latter than was normally present. 


STRATIGRAPHY 
SURFACE 


The Pawhuska and Buck Creek formations of late Pennsylvanian 
age crop out within the area. Limestone members of the Pawhuska 
formation are generally used as key horizons for surface mapping. 


SUBSURFACE 


The underlying Pennsylvanian section is composed mainly of shales, 
with alternating limestone and sandstone beds. 

Unfortunately, very poor records of formations penetrated were kept 
during early stages of operations in the field. No drill cuttings were 
saved. More recent exploitation for deeper horizons has been the means 
of supplying samples of the pre-Pennsylvanian section, The so-called 
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“Tucker” sand lies at intervals from immediate contact with the base of 
the Bartlesville sand to 200 feet below it. Samples of the ‘‘Tucker’’ sand 
exhibit all the characteristics of the ‘Wilcox’ sand. The individual 
grains are rounded and frosted. In some samples the sand grains are in- 
termingled with green shale. The ‘Tucker’ sand rests on a dolomitic 
limestone of Arbuckle age, which in turn rests on pre-Cambrian granite. 
Stratigraphically, then, as well as lithologically, the “Tucker” sand is a 
drillers’ misnomer for “Wilcox” sand. At the Dropright dome, centering 
in the northwest part of T. 18 N., R. 7 E., the “Tucker” sand is in reality 
Arbuckle limestone in juxtaposition to Bartlesville sand (Fig. 4). This 
unconformable condition of lower Pennsylvanian rocks resting on Ordo- 
vician strata is present in a similar manner in other Oklahoma and Kansas 
fields, as Cleveland, Tonkawa, Garber, Thomas, Hubbard, Blackwell, 
Augusta, and El Dorado. Absence of the Mississippian section and iden- 
tity of the Ordovician rocks at Cushing was originally reported by Aurin, 
Clark, and Trager." 


STRUCTURAL GEOLOGY 


The surface is characterized by an anticline with a north-south axis, 
in general (Fig. 1). On the anticline are four distinct domes. The main 
axis includes the Dropright, Drumright, and Shamrock domes. The 
Mount Pleasant dome acts as a “spur’’ from the main anticline. 

The underlying Pennsylvanian rocks are folded similarly except that 
divergence of beds basinward causes greater steepening of dip with depth. 
These slightly incompetent rocks rest unconformably on the underlying 
beds (Fig. 2). 

It is difficult to choose a pre-Pennsylvanian datum for contouring, as 
each has been truncated from the axis of the fold. The writer has chosen 
the upper surface of the ‘‘Wilcox” sand as the most feasible key horizon 
in the absence of critical samples, inferring its attitude over the crest of 
the domes where the horizon is no longer present (Fig. 3). 

The pre-Pennsylvanian fold is characterized by a steep east flank, the 
beds being inclined 15° from the horizontal (Figs. 4, 5, 6). The west flank, 
on the other hand, is dipping westward gently except in the vicinity of 
the Dropright dome. 

The east limb of the anticline dips so steeply as to suggest faulting. 
However, logs of all wells within the area of steep dip exhibit gradually 


1F, L. Aurin, G. C. Clark, and E. A. Trager, “Notes on the Subsurface Pre- 
Pennsylvanian Stratigraphy of the Northern Mid-Continent Oil Fields,” Bulletin 
Amer. Assoc. Petrol. Geol., Vol. 5 (1921), pp. 131-33. 
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shortened pre-Pennsylvanian sections as compared with those farther 
from the anticlinal crest. One would suppose that, if faulting is present, 
the section would maintain its normal thickness to the fault plane on the 
downthrown side. Furthermore, the area of steep dip does not follow a 
straight line as would be expected in the case of faulting. The cross sec- 
tions illustrated in Figures 4, 5, and 6 are constructed with the vertical 
and horizontal scale alike. Exaggeration of the vertical scale increases the 
rate of dip so perceptibly that faulting seems more reasonable than steep 
dip. 
HISTORICAL GEOLOGY 

Several wells in the general region have encountered pre-Cambrian 
granite. Presence of arkosic débris is noticed immediately overlying the 
solid granite, Resting unconformably on the arkosic material is the 
Arbuckle limestone of Cambro-Ordovician age. A regional period of ero- 
sion is known to have existed at the close of Arbuckle time. At Cushing 
1,405 feet of Arbuckle limestone is present in a well drilled on the 
Dropright dome. On the Shamrock dome, a structurally lower point, 
only 630 feet is present. The latter thickness indicates the presence of a 
truncated fold in the vicinity of the Shamrock dome structurally higher 
than the surrounding region at the close of Arbuckle time, or a pre-Cam- 
brian hill over which the normal thickness of Arbuckle limestone was 
never deposited. 

Transgression of the sea during the remainder of Ordovician time 
resulted in the deposition of Simpson, Viola, and Sylvan formations, with 
intermittent periods of erosion. The thickness (about 600 feet) of these 
beds in central Oklahoma is slight as compared with that of the same 
section in the Arbuckle mountains on the south. In the latter region the 
post-Arbuckle Ordovician rocks have a maximum thickness of about 3,000 
feet. This difference in thickness may be accounted for partly by trunca- 
tion at intervals progressively lower into the section, partly by conver- 
gence of strata, proceeding northward. At Cushing the Simpson section 
is represented by the Burgen, Tyner, and ‘‘Wilcox” formations, with a 
maximum thickness of approximately 475 feet. In the Arbuckle moun- 
tain region the Simpson section has a maximum thickness of about 2,000 
feet. From this evidence it seems probable that the floor of the Arbuckle 
region was being depressed, or northern Oklahoma was being elevated 
relatively, during the entire period of Ordovician time. 

Events during Siluro-Devonian time are unimportant for the present 
purpose. Evidence indicates that an unconformity exists between Silu- 
rian and Devonian rocks. At the close of Devonian time the rocks of 
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northeastern Oklahoma were 
further uplifted,t inclining the 
strata into a southwestern dip 
in the vicinity of Cushing. Ex- 
posure of these strata resulted 
in their truncation progressively 
lower in the section northeast- 
ward. The close of this erosional 
period found the exposed strata 
forming typical belts of mono- 
clinal structure. The northern 
limit of Siluro-Devonian rocks 
extended across northern Okfu- 
skee and northeastern Lincoln 
counties. The underlying Sylvan 
shale cropped out in a broad 
belt traversing the southwestern 
parbrol “ExiyoNi' Raeg deo ‘The 
Viola limestone, the succeeding 
lower formation, was exposed 
throughout the present area of 
the Cushing field but was com- 
pletely eroded in the northeastern 
part-of OT aS aN aR cen at 
is possible that the Shamrock 
dome was rejuvenated at this 
time into an anticline, but the 
evidence is obscure because later 
folding and subsequent erosion 
were much more pronounced and 
produced steeper dips. 
Submergence of these bev- 
eled strata resulted in deposi- 
tion of the Mississippian Chatta- 
nooga shale and the “‘Mississippi 


tLuther H. White, “Subsurface 
Distribution and Correlation of the 
Pre-Chattanooga (‘‘Wilcox’”’ Sand) 
Series of Northeastern Oklahoma,”’ 
Oklahoma Geol. Survey Bull. 4o0-B 
(1926). 
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lime” and possibly a portion of the lowermost Pennsylvanian. The rocks 
at the end of this period of deposition suffered a most intensive warping, 
and the structure of the Cushing anticline for the first time assumed a 
detailed form similar to that now existing. The resulting areal geology, 
exposing all rocks from the pre-Bartlesville shales to the Arbuckle lime- 
stone, is illustrated in Figure 2. 

Submergence and subsequent deposition of Pennsylvanian sediments 
over this abnormal arrangement of pre-Pennsylvanian strata continued 
throughout the remainder of the Paleozoic era. Divergence of beds 
basinward, together with an arching of the unconformable contact itself, 
indicates a gentle but continuous uplifting of the Cushing anticline 
throughout the Pennsylvanian epoch. 

The last major movement to affect the Cushing district tilted the 
strata of the entire region westward, steepening the dip of beds on the 
west flank and moderating the reverse dip on the east flank of the Cush- 
ing anticline. For the present purpose it is sufficient to place the time 
of this uplift after the deposition of the Pawhuska formation. 

Thus the local history of the building of the Cushing anticline indi- 
cates the existence of an anticline at the end of Arbuckle time overlying a 
pre-Cambrian granite hill; slight uplifting or cessation of sedimentation 
occurred spasmodically from the beginning of Ordovician to early Penn- 
sylvanian time; renewed arching movements, initiated early in the Penn- 
sylvanian, continued throughout the remainder of the Pennsylvanian 
period. 


BRADFORD OIL FIELD, McKEAN COUNTY, PENNSYL- 
VANIA, AND CATTARAUGUS COUNTY, NEW YORK?! ® 


JERRY B. NEWBY,? PAUL D. TORREY,3 CHARLES R. FETTKE,! 
AND L. S. PANYITYS 
Oklahoma City, Oklahoma, and Bradford and Pittsburgh, Pennsylvania 


ABSTRACT 


The Bradford oil field is of peculiar interest for several reasons. It is located about 
equidistant between the place where oil was first discovered in America and the famous 
Drake well. Its 85,000 acres of continuously productive territory from the Bradford 
sand, its 25,000 producing wells, and its fifty-five years of productive history make it 
one of the most outstanding oil fields of the world. It has received much publicity be- 
cause of the successful use of water-flooding for increasing oil recovery within the past 
twenty years. The field was opened in 1871, and the peak of production was reached in 
1881, when 23,000,000 barrels of oil were produced. The present production is about 
3,700,000 barrels per year. 

The stratigraphic column of the Bradford oil field is limited to the Paleozoic. The 
principal oil-producing horizons are in the lower part of the Chemung formation of 
Upper Devonian age. The reservoir rocks are very fine-grained and tightly cemented 
sandstones. The most important sand, the Bradford, has an average thickness of 40 
feet and an average porosity of approximately 15 per cent. 

Two anticlines, plunging southward, and converging northward into the Knapp 
Creek dome, with a closure of approximately 250 feet, have been the dominating factor 
influencing oil accumulation in the Bradford sand. This structure was also a primary 
influence in the accumulation of oil and gas in the minor productive sands, although 
the irregular depositional character of these minor sands has bee#an important con- 
tributing factor in limiting production. 

Bradford oil has an average gravity of 45.5° A.P.I. and is widely known for its 
high-grade lubricating fractions. Gas wells were rare in the original development of 
the field. On the Knapp Creek dome and at intervals along the crest of the anticlines, 
the upper part of the Bradford sand was a gas “‘pay.”’ The original rock pressure was 
presumably subnormal, but data on this are indefinite. The Bradford sand thins out on 
the east edges of the pool. Elsewhere edge water is present. Encroachment has been 
so very slight that from existing operating records it is impossible to establish any defi- 
nite rate. 


INTRODUCTION 


The Bradford oil field is in McKean County, Pennsylvania, and 
Cattaraugus County, New York (Fig. 1). The productive area of the field 


« Read before the Association at the Tulsa meeting, March 25, 1927. Manuscript 
received by the editor, January 30, 1928. 
2 Consulting geologist, 721 Braniff Building, Oklahoma City, Oklahoma. 
3 Geologist, Northwestern Pennsylvania Oil Producers Association, Bradford. 
4 Geologist, Pennsylvania Geological Survey, Pittsburgh. 
5 Consulting geologist, Bradford. 
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covers more than 85,000 acres in which approximately 30,000 wells have 
been drilled. The chief producing sand is the Third, or Bradford. The 


OIL ANDO GAS FIELOS OF PENNSYLVANIA , 


ANO SOUTHWESTERN NEW YORK 


I'rc. 1.—Oil and gas fields of Pennsylvania and southwestern New York, showing 
location of Bradford field. 


writers wish to acknowledge the assistance of Charles Butts, of the U. S. 
National Museum, whose identification of fossils and stratigraphic studies 
have enabled a better classification of the rocks of this region. The Forest 
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Oil Company and several other operators at Bradford contributed data 
that were of great help. The information collected by Paul Torrey was as- 
sembled for the Northwestern Pennsylvania Oil Producers Association. 
That collected by Charles R. Fettke was assembled for the Pennsylvania 
State Geological Survey. Most of their data were kindly made available 
for this paper. 

HISTORY 

The history of petroleum production in the Bradford oil field and sur- 
rounding areas goes back to the early years of American history. On 
July 18, 1627, the Franciscan missionary Reverend de la Roche d’Allion 
wrote of the occurrence of oil at the Seneca Oil Spring near Cuba, New 
York. During the eighteenth and in the early part of the nineteenth cen- 
tury the oil from this spring, under the name ‘Seneca Oil,”’ was widely 
marketed throughout the eastern states for medicinal purposes. A test well 
for oil was drilled near the spring to a depth of 600 feet in the spring of 
1857. This well did not discover any commercial production, but it is be- 
lieved to be the first well that was drilled specifically for oil on the North 
American continent, as it antedates the Drake well at Titusville by two 
years. 

Following the discovery of oil in Venango County, there were sporadic 
attempts to develop production throughout the northwestern counties of 
Pennsylvania. During 1861 the first well was drilled for oil within the 
present Bradford pool. The following inscription was nailed to the der- 
rick: ‘Oil, Hell, or China.” It is reported that the hole was abandoned 
at 800 feet without discovering oil or reaching China. 

Prospecting was continued, however, and in 1871 oil was discovered 
at a depth of 1,110 feet on the Foster farm 2 miles northeast of the city 
of Bradford. The well had an initial production of ro barrels and is still 
making approximately § barrel a day. This stimulated further drilling, 
and during the next four years sixteen wells were completed, which dur- 
ing 1875 hada total production of 36,000 barrels. Since that time devel- 
opment was extremely rapid, and during 1881 the peak of production 
was reached, which amounted to 23,000,000 barrels per year. 

The period of flush production was followed by a gradual decline, 
which continued until 1907, when the first effects of flooding were noticed. 
For fifty-five years Bradford has maintained a continuous natural pro- 
duction of oil. Water-flooding at the present rate will extend the length 
of economically productive life at least another thirty years. 

It is believed that flooding of the oil sand for increasing recovery was 
being secretly practiced as far back as thirty-five years ago, although at 
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that time most of the operators regarded the use of water with great 
alarm; and even at the present time there are some who oppose its use. 
On May 17, 1921, the present law legalizing water-flooding was approved 
by the governor of Pennsylvania. 


PHYSIOGRAPHY 


The area of the Bradford oil field is in the northern part of the Appa- 
lachian Plateau region adjoining the southern limit of Pleistocene glacia- 
tion. The plateau breaks off sharply south of the valley of Allegheny 
River; and although dissected by numerous streams, it maintains a fairly 
uniform elevation throughout the field. Erosion has advanced to a post- 
mature stage; and had it not been for the fact that the plateau level in 
most of the field corresponds in a general way with the outcrop of the 
Olean conglomerate and Knapp sandstone, most of the existing peneplain 
remnants would have been destroyed. The maximum elevation in the 
field is a little more than 2,400 feet above sea-level, which is approximate- 
ly 1,000 feet above the elevation of the lower levels of the streams. 

The field is drained by various tributaries of Allegheny River which 
flow in rather wide, flat valleys, bordered by small flood plains. There is 
no direct evidence of Pleistocene glaciation within the area covered by 
this paper, although a certain amount of the filling in the northern part 
of the stream valleys may be due to sediments deposited in temporary 
ponds formed along the front of the ice. Allegheny River valley lies east, 
north, and west of the field, a feature which is attributed in part to struc- 
tural conditions and in part to glacial influence. 


SURFACE STRATIGRAPHY 


The rocks exposed in the Bradford oil field are of Pennsylvanian, 
Devono-Carboniferous, and Devonian age. They consist chiefly of shale 
and sandstone and a few inconspicuous beds of limestone. They include 
at the top some of the beds of the Pottsville group of Pennsylvanian age 
and at the bottom the upper part of the Chemung formation of Devonian 
age, an aggregate thickness of more than 1,000 feet. 


PENNSYLVANIAN 


The Pennsylvanian series of the Carboniferous system is represented 
by the Olean conglomerate and a few isolated outliers of the Sharon shale, 
both members of the Pottsville group. 

Olean conglomerate.—The Olean conglomerate is by far the most dis- 
tinctive and easily recognized formation intheentiresection. Its type local- 
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ity is at Olean Rock City in the northern part of the field, where it crops 
out as a massive, coarse, white, quartz-pebble conglomerate. The lithologic 
character of the Olean is not uniform, either vertically or horizontally. 
In the northern part of the field it is uniformly conglomeratic, but to- 
ward the south pebbles become less common, and at Bingham in the south- 
ern part of the field, where it is excellently exposed in a cut of the B., R. 
& P. Railroad, it is a very cross-bedded, coarse, brown sandstone. 

A very marked unconformity occurs at the base of the Olean. The 
lower contact, where exposed, is irregular, and at several places in the field 
the Olean can be observed definitely overlapping the underlying beds. 


DEVONO-CARBONIFEROUS 


The Knapp formation, Oswayo shale, and Cattaraugus formation are 
included in a Devono-Carboniferous series as classified by Butts.!. The 
Knapp and Oswayo were originally placed in the Pocono of the Missis- 
sippian by Ashburner,? but this has been shown to be erroneous both by 
stratigraphic and paleontological evidence. The Cattaraugus was con- 
sidered by Ashburner to be the equivalent of the Catskill, but this corre- 
lation is not definitely established. A very adequate discussion of the age 
of these formations is given by Butts in the Warren folio.s In addition 
to this it may well be stated here that none of the Mississippian beds of 
Pennsylvania has been recognized in this area. In the anthracite region of 
‘eastern Pennsylvania, the Pottsville has a thickness of approximately 
1,350 feet, below which there is more than 4,000 feet of Mississippian 
sediments (Mauch Chunk and Pocono). This section thins within a 
short distance toward the northwest so that it is quite possible that none 
of the eastern Pennsylvania section of Mississippian sediments was laid 
down in this region, If beds of this series were at one time present, they 
were all removed during the long pre-Olean period of erosion. The Olean 
conglomerate has been generally regarded as equivalent to the upper part 
of the Pottsville. 

Knapp formation—The Knapp formation was first described by 
Glenn and Butts‘ from the type locality at Knapp Creek in the south- 
western part of the Olean quadrangle. Here it occurs as two coarse- 
grained sandstones separated by a shale which is not uniform in thickness. 


« Charles Butts, U. S. Geol. Survey Folio 172 (1910). 

2 Charles Ashburner, ‘(McKean County Report,” Second Pennsylvania Geol. Survey. 
3 Charles Butts, op. cit. 

4 Report of the New York State Paleontologist (1902). 
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Toward the south it becomes a much more prominent member of the sec- 
tion and has been described throughout a large area as the sub-Olean 
conglomerate. The formation as a whole is rather easily recognized, but 
few individual beds can be traced for any distance because of marked 
variations in conditions of sedimentation and because of removal of many 
of the beds by pre-Pottsville erosion. In the extreme northeastern part 
of the Bradford field the entire formation was removed during this period 
of erosion. Such erosion also occurred at several localities farther west in 
Warren County. 

The Knapp formation near the type locality is sparingly fossiliferous. 
The following collection was made by Charles Butts, paleontologist of the 
U. S. National Museum and the junior writer, approximately 3 mile 
southeast of Harrisburg in the Salamanca quadrangle. 


Orbiculoidea Athyris polita 
Orthotetes Rhynchospira scansa 
Spirifer disjunctus Leptodesma orodes 
Syringothyris, sp. Leptodesma curvatum 
Camarotoechia, 2 or 3 sp. probably Alorisma, sp.? 
undescribed Schizodus, sp.? 


These fossils occur in characteristic Knapp sandstone, and this faunule is 
made the basis for limiting the formation in the southern part of the field. 

South from Knapp Creek as far as the vicinity of the city of Bradford 
the formation is similar to that at the type locality except that only the 
lower sandstone member is present (the sub-Olean conglomerate of the 
Second Pennsylvania Geological Survey). The thickness in the hills 
around Bradford is approximately 75 feet. From Bradford to Bingham, 
in the extreme southern part of the field, the formation shows a very 
marked change in character. The massive coarse-grained sandstones and 
conglomerates practically disappear and are replaced by a series of alter- 
nating soft, olive-green shales and sandstones and near the base thin 
highly fossiliferous sandy limestones. The total thickness along the B. 
R. & P. Railroad north of Bingham is 1go feet. The upper part of the 
formation at this locality has yielded the following fossils. 

Chonetes, cf. C. burlingtonesis 

Schizodus, sp.? 

Rhipidomella, cf. R. oweni 


The Chonetes and Rhipidomella indicate a lower Burlington or a New Prov- 
idence age. Several fossil collections from the lower part of the formation 
at the same general locality have yielded the following species. 
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Oehlertella pleurites Rhynchospira scansa 
Orthotetes, sp. Leptodesma curvaium 
Productus, sp. Leptodesma orodes 
Paraphorphynchus, sp. Leptodesma maclurii 
Camarotoechia, t or 2 species Leptodesma, undescribed sp. 
Spirifer disjunctus Dipterus minuta 

Athyris polita 


Rynchospira scansa and Athyris polita in connection with plentiful 
Camarotoechia and Leptodesma tie this horizon with the Knapp sandstones 
near the type locality. The presence of Productus and Paraphorhynchus 
is notable. These two genera, together with Syringothyris, are rated as 
Mississippian fossils and appear in the Kinderhook beds, the basal Mis- 
sissippian of the Mississippi Valley. They indicate the early Mississippian 
age of the Knapp formation. 

Oswayo formation.—Beneath the Knapp beds is a series of soft, olive- 
green, thin-bedded, almost uniformly sandy shales with a few thin fine- 
grained, greenish-brown sandstones which constitute the Oswayo forma- 
tion. The type locality is on Oswayo Creek in the southwest corner of 
Allegany County, New York. Fossils are fairly plentiful throughout the 
formation, the most characteristic invertebrate being Camarotoechia alle- 
gania, which is a most distinct horizon-marker. The base of the forma- 
tion is placed at a very fossiliferous sandy limestone which crops out in 
a cut of the B. R. & P. Railroad south of Droneys Station. What is 
probably the same limestone was repeatedly found by Glenn and Butts" 
in the Olean and Salamanca quadrangles, New York, and it is probably 
the Marvin Creek limestone of Ashburner.? The thickness of the Oswayo 
ranges from 150 to 250 feet. 

Cattaraugus formation.—The Cattaraugus formation consists of red 
and olive-green shales and sandstones. It is the Catskill of the Second 
Pennsylvania Geological Survey and is at least the lower part of the 
Conewango formation of the Warren quadrangle. The lower contact of 
the Cattaraugus is a most definite horizon, based both upon paleontologi- 
cal and stratigraphic evidence. The Wolf Creek conglomerate, the basal 
member of the Cattaraugus, contains a new and distinct fauna, for the 
most part entirely foreign to the Chemung. Furthermore, conditions of 
sedimentation were changed. The almost monotonously regular succes- 
sion of marine shales, sandstones, and sandy limestones of the Chemung 
is followed abruptly by a series of continental deposits with a few marine 
members. Fossiliferous beds are fairly common within the area of the 


1 [bid. 2 Ibid. 
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Bradford oil field, which is quite different from the section in Tioga Coun- 
ty, Pennsylvania, where the formation is practically unfossiliferous. West 
of the Bradford field, the percentage of marine beds seems to increase. 
This change from strictly continental beds to marine is a complicating 
feature in the stratigraphy of the area and has caused much of the con- 
tention as to age of the formations above the Chemung: Devonian species 
do occur in the Cattaraugus, but, as has been pointed out by Butts," the 
most characteristic fossils of the Chemung are not found in the Wolf 
Creek. It is, of course, quite probable that the Cattaraugus is equivalent 
to some part of the Catskill in the Catskill mountains, but the exact cor- 
relation is unknown. It also must be emphasized that individual members 
of the red-bed series are worthless as horizon-markers, changes in color 
being so numerous that they can be observed in many outcrops, even 
those of limited extent. 

The Venango group of oil sands occurs in the Cattaraugus. What is 
believed to be the Third or Gordon sand crops out in the quarry of the 
Hanley Company at Lewis Run, Pennsylvania. At this locality it is a 
massive, hard, brownish-red, somewhat calcareous sandstone, conglom- 
eratic at the top and base and containing numerous marine fossils. It 
has recently been discovered, from a study of diamond-drill cores, that 
the Second sand of the Venango group is also marine.? These sands have 
previously been regarded as non-marine, and the synclinal theory of oil 
accumulation in some of the Venango sands was based upon this assump- 
tion. The fact that the second and in all probability the third sand of the 
Venango group are marine sandstones is entirely in conformity with our 
present knowledge of the changing character of the Cattaraugus. 


DEVONIAN SYSTEM 

Chemung formation.—Since the outcrop of the Chemung is limited to 
the upper part of the formation, it will be described under “Subsurface 
Stratigraphy.” 

SUBSURFACE STRATIGRAPHY 

Notwithstanding the fact that approximately 30,000 wells have been 
drilled in the Bradford oil field, little attention has been paid to logging 
any formations drilled except those which have contained oil and gas, 
Very good records are obtainable on several recent wells which were 
drilled below the Bradford sand for gas, and an excellent log was kept of 


* Charles Butts, U. S. Geol. Survey Folio 172. 


Charles R. Fettke, Amer. Inst. Min. Met. Eng., Petroleum Development and 
Technology in 1926, p. 22. 
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the deep well at Derrick City, Pennsylvania, which was drilled to a depth 
of 5,820 feet, showing a practically complete Devonian and Silurian sec- 
tion. The majority of the wells go only to the Bradford sand, which is a 
basal member of the Chemung formation. 

Chemung formation.—The oldest exposed beds and most of the hori- 
zons which are oil-bearing in the field belong to the Chemung formation. 
The rocks of the Chemung are chiefly soft, greenish-brown, micaceous 
and sandy shale alternating with many hard, thin, argillaceous sand- 
stones. In the lower part there are several thicker and more persistent 
sandstones, which are the reservoir rocks of the Bradford and adjacent oil 
fields. The fact that these sands cover such considerable areas is in direct 
contrast to the lack of continuity of many of the horizons above the 
Chemung. 

Up to within a very recent time definite knowledge as to the position 
of the Bradford sand in the stratigraphic section was lacking. Recent 
paleontological and stratigraphic studies have yielded considerable in- 
formation as to the age of this horizon. Charles Butts has made the fol- 
lowing report on fossils in samples of Bradford sand. 


From Proctor No. 4 of the Pressure Oil Company: 
Spirifer mesacostalts 
Camarotoechia, sp.? 
Edmondia obliqua? 
From Hawkins No. 1-A-12 of the Petroleum Reclamation Company: 
Productella lachrymosa? 
Productella hirsuta? 

Except for the Spirifer, the forms listed are not well enough preserved for 
certain specific determination, but there is no doubt as to the genera or that the 
forms are of post-Portage age. In fact every form except the Edmondia is 
listed from the basal Chemung beds in northern Allegany County, New York. 
None of the forms occurs in the Portage rocks of western New York or central 
Pennsylvania. Indeed the appearance of such forms in the section affords the 
basis for separating the Chemung and the Portage. It appears from this 
evidence that the Bradford sand is of basal Chemung Age. 


This paleontological evidence of the age of the sand is corroborated 
by differences in lithologic character of the beds above and below the 
sand and by the evident unconformable relations of the base of the sand 
to the beds below it. Commonly drill cuttings from the beds above the 
Bradford sand are decidedly calcareous; but so far as the writers know, 
there are no calcareous beds immediately below the sand. Detailed 
studies of reliable well records have shown that the Bradford sand was 
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deposited upon an irregular surface. Variations of as much as 20 feet are 
not exceptional in the configuration of the base of the sand within hori- 
zontal distances of 150 and 200 feet. More of the details of this uncon- 
formity will be described elsewhere. The Bradford sand has not been 
identified in the Chemung outcrop. However, at the contact of the Port- 
age and Chemung along Genesee River approximately 1 mile south of 
Fillmore, New York, there is a sandstone, approximately 2 feet thick, 
which in many respects is similar to the Bradford, and lies at the position 
where it should be found. 


CROSS SECTION OF SANDS OF THE BRADFORD FIELD 


sate 


Semen Mare 


Fic. 2,—Cross section A—A (Fig. 3) of sands of baci field, Pennsylvania and 
New York, Vertical scale in feet. 


Portage formation.—The Portage formation is of considerable interest 
inasmuch as two rather definite gas sands occur in it: the Kane and the 
Haskell. There are also several local sands which in places are oil and 
gas reservoirs. The cross section of sands (Fig. 2) shows their position 
relative to the Bradford sand. 

The Portage formation at its type locality in the gorge of Genesee 
River north of Portageville, New York, does not differ appreciably in 
character from drill cuttings of that formation taken from wells in the 
Bradford field. Gray sandy shales and sandstones predominate, but there 
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is also a certain amount of soft, dark, more or less carbonaceous shale. 
No invertebrate fossils have been discovered in drill cuttings, but frag- 
ments of partly carbonized wood are plentiful. Fossil wood is character- 
istic of some horizons of the Portage at the type locality. 

An excellent record of the Middle and Lower Devonian and the 
Silurian is shown in the log of the Derrick City deep well. This well was 
drilled to a depth of 5,820 feet in 1914. Several showings of oil and gas 
were encountered, but no commercial production was discovered below 
the Bradford sand. As the well was poorly located with regard to struc- 
tural conditions, it should not entirely condemn the deep-sand possibili- 
ties of the field. 

TABLE I 


ABRIDGED RECORD OF DERRICK Crry DEEP WELL 


System Formation Thins General Character 
Chemung formation 1,200 | Gray shales and sandstones; thin 
sandy limestones 
Portage formation 1,240 | Gray sandy shales and thin fine- 
grained sandstones 
Devonian | Hamilton shale 1,105 | Soft, brown shale with a few thin 
sandstones 
Marcellus shale 520 | Soft, brown and black shale 
Onondaga limestone 20 | Hard, dark limestone 
Oriskany sandstone 40 | Dark quartzite and very hard, light 
sandstone (showing oil) 
Devonian | Helderberg group 
or New Scotland lime- 40 | Hard, dark limestone 
Silurian stone? 
Coeymans limestone? 20 | Hard, dark, sandy limestone 
, 5 ; 
none \ 185 | Hard, dark limestone 
Tonoloway limestone? 
Cobleskill dolomite? 20 Hard, light limestone 
Bertie limestone 50 | Light brown limestone 
Silurian Salina formation 410 | Gypsum and salt beds; hard lime- 
stone 
Lockport dolomite 420 | Hard limestone with a few dark shale 
beds 
Clinton formation 240 | Gray sandstones and shales 
Medina formation 260 | Red and white sandstones and red 
shale 


The Chemung, Portage, Hamilton, and Marcellus are easily recog- 
nized in the log, their character and thickness being similar to those on 
the outcrop and in other well records. The Onondaga is only one-fifth 
as thick as it is at the outcrop in Niagara County, New York. Thin lenses 
of sandstone, at the base of the Onondaga in Niagara and Orleans coun- 
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ties, New York, are supposed to represent the Oriskany. The Oriskany 
sandstone is especially well developed in Oneida, Onondaga, and Cayuga 
counties, New York. It occurs throughout central Pennsylvania and has 
been found in several deep wells in western Pennsylvania. What is prob- 
ably the Oriskany sandstone has been reported in several deep wells in 
southwestern New York, and it is probably present throughout the north- 
ern part of the Appalachian geosyncline. 

There is no representative of the Helderberg group in the Niagara 
section. The nearest outcrop in New York is in the vicinity of Manlius in 
Onondaga County, where it is represented by the Coeymans member. 
There are excellent outcrops of the Helderberg group throughout central 
Pennsylvania, and it is quite possible that it extends as far northwest as 
Bradford. An accurate differentiation of the Lower Devonian and Upper 
Silurian limestones is unfortunately impossible, and the indicated divisions 
of this series are of course not definite. 

The Salina contains much more limestone than it does at the outcrop, 
but the series of salt and gypsum beds from which its name is derived are 
well developed. The Niagara limestone or Lockport dolomite is excellent- 
ly developed and is more than 250 feet thicker than at the type locality. 
The Clinton at the outcrop in northwestern New York consists chiefly of 
soft shales and limestones. Sandstones are rather uncommon, but toward 
the east, especially in Herkimer and Oneida counties, they become numer- 
ous, That part of the section between the Niagara limestone and the red 
sandstones of the Medina contains considerable sandstone, although dark 
shales (possibly the Rochester member), especially in the middle and lower 
parts, are present. The upper boundary of the Clinton was arbitrarily 
placed at the last limestone, and the lower boundary at the first red sand- 
stone. The Clinton as shown may include, possibly, some beds of the 
Niagara as well as some of the upper part of the Albion member of the 
Medina.. The alternating red and gray sandstone and shales of the 
Medina are characteristic of that formation at the outcrop. 

The chief stratigraphic significance of this well record is the excellent 
evidence it gives of the thickening of the Paleozoic rocks from the out- 
crop eastward into the Appalachian geosyncline. New members of for- 
mations, some of which are entirely different from any found on the out- 
crop, and even new formations appear in the section. The data available 
are not adequate definitely to establish the presence or absence of some 
of these important stratigraphic units, The entire section is considered 
to be of marine origin because of lithologic similarity to the formations 
at the outcrop where their marine origin is well established. 
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OIL AND GAS HORIZONS 


Horizons productive of oil or gas in the Bradford field are in descend- 
ing order: the First; Chipmunk; Second; Third, or Bradford; Fourth, or 
Windfall, and Fourth, or Lewis Run; Fifth, or Kane of Bradford field; 
Kane; and Sixth, or Haskell. They are all true sandstones and are firmly 
cemented. The Bradford sand and those above it are in the Chemung 
formation; those below the Bradford have been assigned to the Portage. 
The Kane and Bradford are known to be marine, and the others are be- 
lieved to be of similar origin. 


SURFACE STRUCTURE 


The Appalachian geosyncline is the major structural feature of this 
area. According to Butts, ““The dominant structure is that of flat-lying 
beds dipping gently a little west of south at an average rate of about 30 
feet a mile.”* This regional dip has been confirmed at different localities 
by the writers. The steepest dip that has been observed on any surface 
bed within the Bradford field is at Lewis Run, in the southwest part, 
where there is an inclination of 1°45’, or at the rate of 125 feet per mile. 
The absence of any satisfactory key horizon in the outcropping beds has 
made the mapping of surface structure impractical. Where the surface 
structure can be determined, it has been found to conform closely with 
that of the Bradford sand. 

There has been a marked influence of structure on drainage develop- 
ment in most of the area of the Bradford field. This is most readily 
noticed in the association of the drainage divide between Tunungwant 
and Potato creeks with the axis of the Simpson anticline, and of the high 
topography near Knapp Creek and Rock City with the crest of the 
Knapp Creek dome. The direction of the course of Allegheny River from 
Eldred, Pennsylvania, to Olean, New York, must be largely the result 
of the influence of structure, and there are many examples of secondary 
drainage development which show the effect of structural conditions. 


SUBSURFACE STRUCTURE 
The Bradford district is on the western edge of the belt of parallel 
folding characteristic of the Appalachian Mountain system. That there 
were other forces active in this region besides the compressional stresses 
originating in the area east of the field is indicated by a minor thrust 
fault with a north throw, striking east and west, approximately 12 miles 
south of the field, by the structure of the Bradford sand within the limits 


Charles Butts, Report of the New York State Paleontologist (1902), p. 968. 
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of the field, and by the Portville cross syncline. The resultant of these 
influences caused the development of a structure not common in the 
Appalachian region. 

In general the Bradford field subsurface structure shown on the Brad- 
ford sand consists of two asymmetrical anticlines trending northeast and 
southwest, plunging southwest and converging on the northeast in a 
broad dome (Fig. 3). The closure exceeds 250 feet. The structural “highs” 
are characterized by their broad tops in contrast to the sharp narrow shape 
of the structural “lows.” 

In detail the main features are complicated by numerous small con- 
figurations in the upper surface of the sand. Many of these are structural 
but most of them are considered to be irregularities in the sea floor and, 
as such, to show the direction of the shore currents. 

A striking relation of the subsurface structure and stratigraphy is de- 
picted in Figure 2. The association of the thick sand area with the Knapp 
Creek dome is obvious. Equally striking is the thin sand condition in the 
Portville cross syncline. Though they also are in the lower Chemung, 
the productive sands in the Allegheny field northeast of Portville do not 
correspond with the Bradford field sands, and it is in the Portville cross 
syncline that the lensing-out occurs. Similarly, the Big Shanty syncline 
formed in an area of thin Bradford sand. A similar situation exists on 
the east side of the Simpson anticline. The Bradford sand thins eastward 
down the flank of the fold and almost disappears at the limit of produc- 
tion. 

RESERVOIR ROCKS 
LITHOLOGY 


The accumulation of oil and gas in the sands above and below the 
Bradford seems in many places to be dependent equally upon lithology 
and structure. Accordingly, a brief account of their productive areas is 
included under this heading. Within the Bradford pool, the sands above 
the Bradford sand consist of uniform, medium-sized grains firmly com- 
pacted and cemented. They are ordinarily light brown to gray in color. 
In the northwest part of the field they consist largely of quartz sand, but 
in the larger part of the field they are era of a very shaly, calcare- 
ous, and broken character, 

The First sand is logged in all parts of tig field. Evidently it is part 
of a horizon of sandy, limy shale—a condition which explains the wide 
differences in thickness and stratigraphic position given for it. In limited 
areas in the northwest section of the field the sand consists of clean quartz 
grains, Elsewhere it includes much calcareous and argillaceous material. 


“No. tJ 
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Fic. 3.-—Subsurface structure of Bradford field, showing elevation of top of Bradford sand above 
sea-level, Contour interval, 25 feet. Black areas show location of water floods. 
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The Second sand is more regular but is similar in extent and character 
to the First. However, within several thousand acres in the western parts 
of the field it is a tightly cemented, hard, light brown fine-grained sand. 
Throughout the remainder of the Bradford field it is very limy and very 
hard, not uncommonly being reported as the hardest stratum encoun- 
tered in drilling to the Bradford sand. Many fishing jobs in drilling and 
difficulties in running packers are the outcome of a tight place in the hole 
at this horizon. 

The Chipmunk sand, where present, is more uniformly of good char- 
acter than the First or Second. Through the northwest part of the field 
it is a medium-grained, brown, medium-soft to hard sand ranging from 
20 to 50 feet in thickness. Through the central and east sections it is re- 
ported as ranging from ro to 25 feet in thickness but is composed largely 
of thin alternating layers of shale and hard brown sand. 

Below the Bradford in the southwest part of the field is the Lewis 
Run, or Fourth, sand which is fine-grained and dark brown. Seemingly 
at the same stratigraphic position in the northeast part is the Windfall, 
which also is called the Fourth. It resembles the Lewis Run in texture 
and color. These are possibly the same horizon, but the correlation has 
not been established with certainty. 

Successively in order under the Fourth sand are the Fifth, or Kane 
of the Bradford field; the Kane of the Kane field; and the Sixth, or 
Haskell. The Fifth is a brown to grayish sand of variable hardness but 
ordinarily firm. It is associated with approximately 60 feet of thin al- 
ternating sand and shale beds. It has been found extensively throughout 
the field but only in a small area of the northeast part, and in general in 
the southeast part has it been reported to contain a body of sand suitable 
for oil or gas accumulation. 

The Kane sand of the Kane field does not correlate with the sand of 
the same name in the Bradford field. In fact, if it is present at all except 
along the south edge of the field, it has not been identified. The texture, 
color and composition are distinctly different from sands in this field. It 
is coarse grained, contains clay balls, and is dark brown. 

The Sixth, or Haskell, sand resembles the Fifth in all general features 
except distribution. It is best developed through the central and south- 
eastern parts of the field. 

The First sand rarely was found productive. The Second sand on the 
west edge of the pool, southwest, west, and for a short distance north of 
the town of Bradford, has produced oil in commercial amounts. In the 
West Branch area west of Bradford, within recent years, wells have been 
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TABLE II 


PETROLEUM RECLAMATION CompaNny’s WELL K-17, LooKER TRACT 
(Surface elevation above sea-level, 2,128 feet) 


Depths to Base 


Formation of Bed (Feet) Description 
37 Residual soil 
Osweyo 79 Grayish-green, yellow, and brown sands and shale 
135 Gray soft sand 
145 Red shale 
156 Gray sand, yellow sand 
105 Red and gray shale 
170 Light yellow sand 
235 Interbedded red and gray shale 
257 Gray shale 
Cattaraugus 300 Gray sand 
320 Red shale. Little gray sand 
342 Red shale 
368 Gray shale 
380 Red shale 
390 Gray sand 
400 Gray shale 
429 Red shale 
650 Gray shale 
720 Mostly gray sand; little shale and shell throughout. 
Thin beds pink sand at 657-69 feet 
873 Interbedded pink shale, gray shale, and little gray sand 
1,046 Interbedded gray shale and gray sand, probably First 
sand 
1,090 Gray shale, very fossiliferous 
Te Al Interbedded gray shale, chocolate sand, and some shell 
Chemung 1,130 Mostly shale, with some shell and gray sand : 
1,154 Mostly fossil limestone, with little gray shale and sand 
Te 75 Gray shale, with thin beds of gray sand 
1,195 Gray sand 
©, 231 Gray shale 
I, 263 Mostly gray shale, with thin beds of chocolate sand, 
Chipmunk sand 
Ty270 Gray shale - 
T3O2 Chocolate sand, with little shale 
1,372 Gray shale 
1,396 Chocolate sand, probably Second sand 
1,466 Shale 
1,494 Interbedded chocolate and gray sand; little shale 
1,502 Shale 
Tes oi; Mostly chocolate sand; little shale : 
eb 7k Interbedded gray sand and shale. Fossil bed, near 
ms 7gueet 
1,614 Interbedded chocolate sand and shale 
1,702 Shale 
1,707 Shell 
1,730 Bradford sand 
1,748 Shale 
1,766 Bradford sand 
Portage 1,791 Shale 
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completed with an initial production of 25 barrels a day from the Second 
sand. The Chipmunk has ranked next to the Bradford sand as a lucrative 
producer of oil. Unlike the Bradford, however, its productive area is 
limited to a few thousand acres in the northwestern part of the field. 
Production from it was flashy. Some wells produced as much as 250 bar- 
rels a day initially. Between Limestone and Vandalia in Cattaraugus 
County, New York, and beyond the limits of the Bradford pool but con- 
tinuous with it, is the Chipmunk pool in which the sand of that name is 
the important producing horizon. 
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lic. 4.—Grain-size analysis of Bradford sand from four properties of the Petrole- 
um Reclamation Company. Nos. 1, 2, and 3, from the central part of the field; No. 4, 
from the vicinity of Knapp dome. 


Both the Lewis Run and Windfall sands are productive of oil, the 
former only on the edge of the pool in the southwest part and the latter 
also on the edge but in the northeast part. On the axis of the Simpson 
anticline near Summit, Tiptop, and Duke Center the Windfall produces 
gas. The Kane sand of the Bradford field yields gas wells with a rock 
pressure of 450 pounds per square inch and a capacity ranging from 
40,000 to 50,000 cubic feet per day in the extreme southern part of the 
field on the Simpson anticline. On the lower part of the eastern flank of 
the structure in this region it also produces small quantities of oil. The 
Haskell sand produces only gas and is productive mainly in the east- 
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central part of the field. The gas flow is less than that from the Kane 
sand, but the rock pressure varies from 450 to 800 pounds. 

Bradford sand.—The Bradford sand is the principal oil-producing 
horizon of the Bradford pool. It is a remarkably persistent bed. Very 
few wells have been drilled to its horizon within the limits of the field 
that have not found some oil-bearing Bradford sand. It differs consid- 
erably in thickness and content of shale within the wide area in which it 


é a. ‘ : at pe 
Fic. s.—Photomicrograph of representative piece of Bradford sand from Petroleum 
Reclamation Company’s Looker No. 145. Magnification, 20 diameters. 


was deposited. The greatest thickness of sand is encountered in the north- 
ern part of the field, where it is, however, broken by many thin shale 
lenses (Fig. 2). It decreases in thickness toward the south, east, and 
west, The sand is characterized by a very uniform grain size and dark 
chocolate-brown color. The following description (Fig. 4) of a sample of 
Bradford sand has been made by Clarence Ross of the U. S. Geological 
Survey. 

The sand grains are quartz for the most part, but there are small amounts 
of feldspar mica and much chert-like material. The grains are angular and inter- 
locking, and there may have been some enlargement of the quartz. The intersti- 
tial material is not abundant but is made up of a brown mica-like clay material. 


« Clarence Ross, personal communication. 
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Local variations in bedding and thickness are common in some areas. 
This condition is well illustrated in Figures 6 and 7. 


CONTINUITY 


The Bradford sand extends for a considerable distance beyond the 
productive limits of the pool. An outline of the area‘in which it occurs is 
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Fic. 8.—Approximate limits of Bradford sand deposition. 


shown in Figure 8. In much of this area outside of the pool it either is 
saturated with salt water or is so tightly cemented that it contains no 
oil or water. 
POROSITY 

A determination of the porosity of the Bradford sand has been made 
by Melcher’ from two diamond-drill cores, only one of which included 
the entire thickness of the sand. The maximum porosity is 17.3 per cent; 
the minimum, 11.5 per cent; and the average, approximately r5 per cent. 

"A. F. Melcher, “The Porosity of the Bradford Sand near Custer City, Pa., and 


Its Relation to the Production of Oil,” U. S. Geol. Survey Memorandum for the Press 
1008 (1925). 
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CEMENTATION 


The Bradford sand is ordinarily a very hard rock. A few specimens 
that have been examined are somewhat friable, but most pieces require 
a sharp blow to break. The cementing material consists chiefly of clay 
and silica, which appears ‘to be distributed fairly uniformly between the 
grains. The upper part of the sand is slightly calcareous, which is prob- 
ably due to the proximity of a calcareous sandstone cap rock. 


CAP ROCKS 


Throughout most of the field, and especially in the southern part, 
there is a thin fossiliferous, calcareous cap rock directly above the sand. 
This is a very persistent horizon. Since the succeeding beds are of entirely 
different character, it undoubtedly represents the final stage of deposi- 
tion of the Bradford sand. . 

ORIGIN 


The outline of horizontal extent of the Bradford sand shown in Figure 
8 suggests a bay origin. The very small size and angular shape of the 
grains indicate that it is not a beach deposit. The common occurrence of 
carbonized wood fragments and the marked increase in grain size from 
the south toward the north indicate almost a shore-line condition of dep- 
osition. 
tages of deposition of the Bradford sand may be divided into three 
parts: (1) the deposition of a lower series of alternating thin-bedded 
sandstones and shales, part of which may be non-marine; (2) a series of 
sand beds of fairly uniform lithology and character, although varying 
considerably in thickness, which mark an encroaching shore line; and (3) 
a calcareous cap rock which indicates a continued submergence. It is 
quite evident that conditions of sedimentation were continuously similar 
throughout a considerable area. 


SOURCE ROCKS 


The oil now in the Bradford sand probably originated from beds very 
close to it. Both the Portage and Chemung formations contain beds of 
carbonaceous shale which may have been the source. The relatively im- 
permeable character of the overlying and underlying beds would effective- 
ly prevent any great vertical migration without the aid of faulting, no 
evidence of which has been found in the field. The high quality of the 
oil may be attributed to regional metamorphism, as indicated by the high 
carbon ratio of the coals, which averages about 57. 


PER CENT OF 
PORE SPACE THICKNESS 
BY VOLUME IN FEET DESCRIPTION 


Fossiliferovs limestone that could serve as the impervious 
Part of the cap reck ; Contams hool; highly Fossi//ferous. 


Shale and sandy shale; core gives strong oder of o1/ when 
freshly brokeny oases SEssihiperouss of 


Same as above but calcareous and gute fossiliferous. 


‘ 
Oi] sand bet not well saturated, 


Fossiliperous limy Sand; contains off. 


Oil sand ; this and the next sand layer are the pay of best 
17.00 Pty for this core ; porosity and s1z@ of grain fall umporm 


Sandy sha/e. 
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I'1c. 9.—Profile showing porosity of Bradford sand from Bryner-Jackson core. 
After A. F. Melcher, U. S. Geol. Survey Memorandum for the Press, too8 (1925). 
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RELATION OF ACCUMULATION TO STRUCTURE 


Sands productive of oil in the Bradford field, beginning with the shal- 
lowest, are the First, Second, Chipmunk, Bradford, Lewis Run, Windfall, 
and to a limited extent, the Fifth, or Kane. Sands mainly productive of 
gas are the Fifth, or Kane, and the Sixth, or Haskell. 

The texture and composition of the sands other than the Bradford 
have been equally influential with structure in controlling the accumula- 
tion of oil or gas in those sands. Production has been procured where 
these features were favorable, and has been poor or wanting where they 
were adverse. Nevertheless, even in such irregular sand conditions the 
accumulation is obviously associated with structure. 

The accumulation of oil in the Bradford sand has been definitely con- 
trolled by structural conditions (Fig. 10). The unproductive area which 
cuts through the southern part of the field approximately follows the Big 
Shanty syncline, and the productive area on both sides of the syncline 
follows the Bradford and Simpson anticlines. At the convergence of these 
two folds in the Knapp Creek dome and at other places along the axes 
of the anticlines, the upper part of the sand was a gas “‘pay.” 

There is a fairly definite oil-salt water contact on the northern, north- 
eastern, western, and southern limits of production of the field. On the 
eastern edge, lithologic changes and thinning of the sand body are largely 
the cause for the limitation of production. Oil production extends for a 
greater distance down the eastern or Simpson anticline than on the western 
or Bradford anticline. The vertical limits of production range from an 
elevation of 120 feet to 550 feet above sea-level. 

Migration of oil into the Bradford sand was probably a very slow 
process. The resistance to fluid movement through such small pores and 
the relatively low dip would not facilitate rapid migration. Recent work’ 
in connection with studies of flood-water movement in the sand has es- 
tablished the fact that the sand was at one time completely saturated 
with salt water. Connate water, in any quantity, is found in very few 
places in the productive area of the field. The water used in flooding is 
meteoric or ground water which contains a very low concentration of 
dissolved salts. This water, after moving through the sand to an oil well, 
is pumped out as a concentrated solution, whose salinity is commonly 
greater than that of the connate water found on the edges of the field. 
The flooding process consists not only in removing oil from the sand, but 
also in washing it free of salts. These salts seem to be crystallized in the 


x Paul D. Torrey, “Oil Field Waters of the Bradford Pool,” Amer. Inst. Min. Met. 
Eng. Tech. Pub. 38 (1927). 
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sand; and since the relative proportion of the several salts is similar 
to that found in the connate water, it is probable that they were precipi- 
tated during the period of accumulation. 

Although analyses of flood waters have not been made throughout 
the entire area of the field, the data available indicate that the amount of 
salt in the sand increases away from the highest part of the structure. 
As oil and gas migrated into the fold, they would occupy the highest part 
of the structure first. A certain amount of the water of sedimentation was 
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Fre. ro.—Accumulation-distillation curve of Bradford crude, Petroleum Reclama- 
tion Company’s Hawkins Bryner No. ro. After U. S. Bur. of Mines. 


evaporated by the gas, and a small amount of salt precipitated while the 
remaining water was pushed down the dip as an increasingly concentrated 
solution. Succeeding increments of oil and gas would have had a similar 
effect, and the water was ultimately removed to approximately its present 
position. 

Wells drilled outside of the present limits of the field ordinarily find 
a small amount of oil which seems to be thoroughly and evenly mixed 
with connate water throughout the entire thickness of the sand, 


OIL 


Had it not been for the excellent qualities of Bradford crude, the field 
probably would have been almost abandoned in the period prior to the 
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inauguration of flooding. The oil ordinarily commands a premium over 
other grades of Pennsylvania grade crude. 

No data are available as to the character of the oil during the period 
of flush production. 

Efforts to correlate specific gravity of the oil at the present time 
with the position on structure of the well from which it was produced have 
given indefinite results. The wide differences in development and produc- 
tion methods followed for so many years on the many properties without 
doubt has been responsible for variations in the gravity of the oil. It is 
established, however, that the oil obtained from the higher parts of the 
Knapp Creek dome has a higher gravity than any other obtained in the 
field. The oil from old producing wells generally has a gravity varying 
from 45° to 45.5° A.P.I.; and that from many new wells, as high as 46°. 
Oil from water floods is approximately 2° higher in gravity than oil from 
naturally productive wells on the same property. Air-flooding reduces the 


gravity of the crude. 
TABLE III 


ANALYSIS OF BRADFORD CRUDE From PETROLEUM RECLAMATION COMPANY’S 
Hawkins BrYNER NO. t0 
SAMPLE NO. 26532, ANALYZED BY U. S. BUREAU OF MINES 


SPECHIC SLA VAC Venter Maye aaistar sl avers OO OS MPM ASE E era VAC Vitam sraminnedacsdeis oie 46.5° 
Percentage of sulphur............ 0.15 iRercentaresols wate ercicninc. teers nil 
Saybolt universal viscosity at 70° F. Percentage of carbon residue of crude 
AI sec. 0.3 
Saybolt universal viscosity at 100° F. PLUG OME, op oo ow ooo ons owlbSlO? G7 1M, 
38 sec. (COlOT Ae as Ge ees ari oie green 


Percentage of carbon residue of crude 
0.3 


APPROXIMATE SUMMARY OF DISTILLATION 


Percentage] Specific Gravity |Degrees A.P.I.| Viscosity 
Light gasoline (end-point 212° F.)...| 12.2 0.673 HS) , “leasocose 
Total gasoline and naphtha........ 35-4 0.725 (Rise) Gooco sas 
Kerosene distillate...............- 16.2 ©.799 “tay Ning ome 
GastOll Merce pe ne ennae © 9.3 0.840 37 Ome [tet ontecl een « 
Non-viscous lubricating distillate...| 10.1 | 0.844-0.868 | 36.2-31.5 | 50-100 
Medium lubricating distillate....... 4.2 | 0.868-0.874 | 31.5-30.4 | 100-200 
IRGAGhilore scores aoe adenine te Din it 0.898 DO te Tame | ehernseas ei 
iDViMMERMO TILES, Grocococusoossaons 2 deeomadodcananl lend oneness emonccer 
GAS 


Little is known of the original rock pressure of the Bradford sand, but 
it is reported by a few old operators as having been approximately 350 
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pounds. This is subnormal, as the shallowest Bradford sand wells are 
1,100 feet deep and the average for the field is 1,700 feet. It agrees, how- 
ever, with the stagnant condition of the edge water. Present rock pres- 
sure ranges from 10 to 35 pounds in most of the field. Gas production is 
very low. Wells that make 1,000 cubic feet daily are considered good 
gas producers. The average is probably nearer 500 cubic feet. Natural 
wells have been measured that were making less than 100 cubic feet per 
day. There is a wide range in the ratio of oil to gas; but for the field as 
a whole, each barrel of oil from natural wells is accompanied by approxi- 
mately 3,500 feet of gas. The gas is rich in gasoline and has an average 
B.T.U. value of approximately 1,800. 

In the particular areas where gas accumulation had been the largest, 
only the upper part of the sand was a gas “‘pay.’”’ On the Knapp Creek 
dome and the Simpson anticline such areas existed, and today 18 feet 
(maximum) of the upper part of the sand is barren of oil. Ordinarily there 
was no distinct gas “‘pay,”’ although a considerable volume of gas was 
present throughout the field. 


WATER* 


Analyses of connate water from the Bradford sand show but little 
variation in concentration of dissolved salts. The following analysis in 
Table IV can be accepted as representative of the connate water; and, for 
comparison, a mean of seventy-seven analyses of sea water collected by 
the Challenger Expedition, is given. 

Since the Bradford sand is of marine origin, it may be assumed that 
the connate water which is present in certain areas is concentrated sea 
water, changed by deep-seated evaporation and possible reactions with 
the country rock. The large increase in the concentration of the calcium 
radical and the decrease in concentration of the sulphate radical are es- 
pecially notable. 

Although the limits of the productive area of the field were soon de- 
fined by drilling, and the position of the edge-water line was located, 
there is little evidence that a definite water encroachment has taken place, 
such as is known in some western pools. From the most reliable informa- 
tion obtainable, the oil-water contact has remained in a practically sta- 
tionary condition during the life of the field, and at the present time there 
is no indication of water movement. On several edge properties, it has 
been found possible to remove almost all of the connate water by con- 


«Taken in part from Paul D. Torrey, ‘Oil Field Waters of the Bradford Pool,” 
Amer. Inst. Min, Met. Eng. Tech. Pub. 38 (1927). 
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TABLE IV 


ANALYSIS OF CONNATE WATER FROM THE BRADFORD SAND 
AND MEAN ANALYSIS OF 77 SAMPLES OF SEA WATER 


CONSTITUENTS, IN PARTS PER MILLION 


r* 2t 
Cane ear erste rte ieee oe aah pie be 13,260 420 
LU os Nene Ra oer oe Gente Oe eae TRO IES I,940 I, 300 
ING eee Sat iekn eels oe cin ae od 31,950 10;710 
1 eee oni tere Ott Cacccis Me NCE ee me - 650 390 
COpecacaneosanotareag aeee re fo) jot 
ET COMP eee Ete foto oan ents ° ° 
SO Perera am ern re 730 2,700 
(Cl nas ed he cae eng ene ORS OS nae Ene EE Oe 77340 19,410 
IBLE em eet ote ore neous acns Aieoe Qs 320 ° 
Lege Ny CR er Ti isn a MONI es, oS rs ee sie) ° 
REACTING VALUES, IN PER CENT 
r* 2t 
Alkalies 
UN arp seats Rin ce she used icilade Waar sours Bivgit 38.6 
KE eR etry We ea te ge ain eakowe 0.6 0.8 
Alkali earths 
(CEN. Me piers en can cheat Rene ogee 14.8 1.8 
Migr Me rsa. sites A ahiie a waite a5 8.8 
Strong acids 
SOc Gd otis AER oe ono ee ee 0.7 4.6 
Peart reed ar Sires ox 49.38 45.2 
Weak acids 
Os res o's, cab oh bsitoc teed a eee mea ° 0.2 
1EkCOn.S a cctcues cio agen OnE OOe ° 
CHANGE IN CONCENTRATION OF DISSOLVED 
RADICALS FROM SEA WATER TO 
CONNATE WATER 
CAR eer tes cate cc Ane cohetenane ee Sega X31.50 
INNES. 5s totGae oor Neel oa ccs eOr Oks cacao 1.49 
NA ech Sree ENS ny ey UM cterrheitbane: Sierras 2.07 
ROR Te ieee a oi oetastastwies Poees ong Ne 1.66 
SO} soll Oe ce tee HR ROERORRONE] Os Cas cet 0.27 
(Cllig: 6 Ae Sennrl Aen cae ee ec oe reece” 3.98§ 


* Brine from Bradford sand, collected May 4, 1926, while well was being 
pumped, from Associated Producers Company’s Stover No. 23. This well pro- 
duces a considerable amount of salt water. It is located in the extreme southern 
part of the field. Analyzed by E. A. Swedenborg. , 


t Mean of 77 analyses of sea water collected by the Challenger Expedition. 
+ Reported and calculated as COs, but probably in part HCOs. 


§ Includes Br and I. 
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tinued pumping, and, although large volumes of salt water are known to 
exist in the vicinity, there is no evidence that water is moving in to re- 
place that which has been previously removed. It is probable that there 
are a number of contributing factors responsible for this rather exception- 
al condition. The only possible outcrop of the Bradford sand is on the 
north. It cannot be recognized in well records from Warren County, as 
has been pointed out by Butts;! and it is known to thin out a short dis- 
tance east of the present boundaries of the field. The basal beds of the 
Chemung formation, in New York, contain several sandstones which are 
in many ways similar to the Bradford; but since a definite correlation 
between them cannot be made, it seems probable that the sand does not 
crop out; consequently, it cannot directly receive additional water from 
the surface. 

Even if one of the basal Chemung sandstones, on the outcrop, is the 
Bradford, there is considerable question whether there would be any 
great artesian movement, for a distance of approximately 4o miles, 
through sandstones of low permeability such as characterize the lower 
part of this formation, with a regional dip of only 30-40 feet to the mile. 
The resistance of the sand to fluid movement within the field is so great 
that standard flooding practice requires a spacing of wells from 100 
to 200 feet apart. Under a wider spacing pattern, the movement of the 
flood water is so slow that the-greater time required to deplete a given 
area makes the average flood unprofitable. It is believed this evidence 
adequately accounts for the stagnant condition of the connate water 
which partly surrounds the productive area of the Bradford sand. 


OIL AND GAS PRODUCTION 
DRILLING 


Development costs are exceptionally low. A single string of casing 
is used for shutting off ground water, the average lower limit of which is 
approximately 350 feet. Below that the hole is open, and no trouble with 
caving is experienced. This is accounted for by the fairly firm, brittle 
character of the strata with the saving feature of “mudding up” readily. 
Drilling is entirely with standard tools, and progress is rapid. It is cus- 
tomary for a drilling outfit to complete a well a month including the time 
for moving and rigging up. Contract price varies from $0.95 to $1.00 per 
foot, which covers moving expense, fuel, and water. 


t OD. cit. 
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PRODUCTION METHODS 


The Bradford field has become widely known in recent years because 
of the signal success attached to the water-flooding method of increasing 
production. Little attention has been paid to the natural production of 
the field. On the 85,000 acres in the productive area of the Bradford sand 
there are approximately 25,000 producing wells yielding a total of 11,000 
barrels a day. Approximately 5,000 of these are affected by flood pressure 
and are estimated to be yielding more than 7,500 barrels a day. The 20,000 
natural producers are considered to have an average daily production of § 
barrel, or a total daily production of 2,500 barrels. It will be seen that a 
substantial part of the present production is natural. Most of the natural 
wells have been producing since the early eighties. Pumping troubles of 
course are at a minimum, the chief sources being paraffining, “floating” 
sand, and extreme weather conditions. ; 

The discovery that putting water under pressure into the sand was a 
means of greatly increasing production and was not wholly harmful is 
supposed to have been made accidentally. Presumably practiced unin- 
tentionally at first, the process certainly has been in use for thirty years, 
and probably for a longer time. Practice and results from flooding, to- 
gether with characteristics of water floods, have been set forth by Umple- 
by." 

The original method was circle flooding, in which a central well is 
used as a water intake and a surrounding row of wells pumped as pro- 
ducers. As the flood spreads outward, a second, larger circle of wells is 
drilled and pumped and the first circle of wells used as water intakes. 
This method was much improved by the adoption of a straight-line sys- 
tematic plan in which, to start a flood, a central row of wells is drilled as 
water intakes and a row of wells on each side, staggered with respect to 
the water intakes, used as producers. Successive additional rows of pro- 
ducers are drilled, and the old rows converted into intakes as the forward 
movement of the flood requires additional development; but the stag- 
gered, evenly spaced system of well locations is retained. 

Other improvements in technological methods that are being tried by 
operators in the Bradford field and the Allegheny fields of New York are: 
(1) a greater spacing between the rows of wells in systematic floods, (2) 
the boundary flood, (3) the four-way, or “five-spot,” flood, (4) introducing 
the water under greater pressure by means of force pumps, (5) the use of 

Joseph B. Umpleby, ‘Increasing the Extraction of Oil by Water Flooding,” 
Amer. Inst. Min. Met. Eng., Petroleum Division (1926), pp. 112-29. 
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various solutions for freeing the oil from the sand, (6) combined intensive 
air- or gas-flooding and water-flooding, and (7) air- or gas-flooding alone. 

I. Spreading the well spacing in systematic floods is an attempt to 
increase profits by reducing development and operation costs without an 
equal decrease in production obtained. Under conditions of open, hence 
more rapidly flooding, sand, it is logical and seems to have succeeded. In 
slower-flooding areas it promises to accomplish the desired result, but 
generally definite success cannot be claimed until a longer time has elapsed 
from its inception. The systematic method began with a spacing of ap- 
proximately 100 feet between rows of wells and 200 feet between wells in 
each row. The exact distances were gauged to make the spacing fit prop- 
erty dimensions. The spacing in each row must be continued if the wells 
are to be staggered, but the distance between rows can be changed much 
more readily. A width between rows of as much as 120 feet is now com- 
mon, and in some places a greater width is used. There are no known 
guides to correct spacing other than the recovery per well and the rapidity 
of flood movement. The judgment of the operator guided by the particular 
conditions in any flood must decide the distances used. It is too early for 
a comparison of the shorter and longer spacings. However, by following 
the plan of varying the well spacing, the observant operator should be 
able to learn for each flood the grid that yields the most profit. 

2. Ina boundary flood, alternate water and oil wells are drilled around 
the boundary of the property. Wells are spaced approximately roo feet 
apart, with the result that the effects of the flood appear at the oil wells 
within three months and the total production is obtained within fifteen 
months. In this time the cost of the oil well and a part of the cost of the 
water intakes is returned. The production secured comes from the parts of 
the flood in which oil is most likely to be trapped. The plan has been most 
successfully used as an aid in financing the development of the flood. 

3. The four-way, or “five-spot,” plan requires the division of the 
property into small squares at each corner of which a water intake is 
drilled. An oil well is then drilled in the center of each square, and the 
flood moves from four directions toward each oil well. Spacings used for 
this plan by different operators have ranged from 260 to 528 feet between 
water intakes, A large capital investment before any returns are forth- 
coming and the danger of trapping oil because of open streaks or other 
irregularities in the sand body are objections to the “five-spot” method of 
development. At this time, however, the production results that are be- 
ing obtained indicate that the second hazard is not disastrous. 

4. The addition of water pressure above that of the natural hydro- 
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static head from the ground-water table to the sand is being used with suc- 
cess principally in the Allentown and Richburg sections of the Allegany 
field, though in a few places it has resulted satisfactorily in the Bradford 
field also. The best increase that has attended its application was in con- 
nection with a systematic flood, the wells of which seemingly were nearly 
watered out. Raising the water pressure raised the oil production from 
3 to 20 barrels without seriously increasing the amount of water produc- 
tion. Added pressures are applied principally in tight-sand areas. In looser 
sand they ordinarily increase the flow of water markedly, with little or 
no oil increase. 

3. Much attention has been given to the possibility of improving oil 
extraction by introducing solutions into the water intakes. Soda ash has 
been used in large quantities by some of the operators, and other sub- 
stances have been tried. The desired result is to free from the sand that 
part of the remaining oil, estimated at a maximum of 35,000 barrels an 
acre, which is retained largely by adhesion.‘ When the oil is freed, it 
should be possible to push with water a reasonable percentage of it into 
the oil wells, thereby increasing the recovery per acre. The process prom- 
ises much, but to date there is only one example, and it doubtful, of a 
well that seems to have yielded more oil than would have been secured 
by normal water-flooding. This also is the only producing well from which 
any soda solution has been pumped. The well is the Pressure Oil Com- 
pany’s Artley No. 4, operated by William Purple and associates. Harm- 
ful effects from crystallization of the soda ash resulted in a few places 
where highly concentrated solution was used or introduced before being 
cooled. The results from the use of other solutions have been negative. 
All efforts to increase recovery by the use of chemicals are still in the ex- 
perimental stage. 

6. Excellent increases in production have come from introducing air 
or gas in front of a water flood. Several wells making 3-4 barrels by water 
flooding have increased to 12-15 barrels after the introduction of air. 
The air or gas pressures used varied from 125 to 425 pounds, depending 
principally on the tightness of the sand. In most parts of the field the 
higher pressures are necessary. 

7, Air-flooding, removed from water floods, is giving good results in 
territory where the sand is exceptionally permeable. Where the sand is 
tighter, higher pressures must be used, and the results are much slower 
in appearing. Pressures as low as 80 pounds are sufficient locally, but in 
most places 400-425 pounds are required. 


«A. F. Melcher, U. S. Geol. Survey Memorandum for the Press, 1008 (1925). 
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PRODUCTION 


Initial production of wells in the Bradford sand probably did not 
average more than 50 barrels a day, although locally wells producing as 
much as 1,000 barrels were found. It is of interest that water travels more 
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Fic. 11.—Production curve of typical Bradford sand property, Bradford field. 


rapidly in areas of largest initial production, seeming to indicate that free- 
dom of movement in the sand rather than differences in pressure or 
amount of gas controlled initial production (Fig. 11). 

To the end of 1926 the Bradford field is estimated to have produced 
257,000,000 barrels of oil. Present production is 4,000,000 barrels a year. 
The low year in production was 1907, when less than 1,500,000 barrels 
were produced. More than the 2,500,000 barrels a year of increase can 
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Fic. 12.—Average decline curve for seven properties, Bradford field. 
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be attributed to water-flooding. Approximately 13,500 acres (103 war- 
rants or 21 square miles) are under water flooding, of which fully two- 
thirds, or 9,000 acres, are watered out. It is safe to say that under present 
methods and present floods the field has fifty years of active life ahead of 
it, and it is probable that it will still be producing at the end of seventy- 
five years (Fig. 12). Nevertheless, rows of water intakes, which, placed 
end to end, would extend for miles, have been drilled within the last five 
years, and new rows that would nearly equal them in length are now being 
drilled. If continued, this rate of intensive new development will greatly 
shorten the life of the field under present flooding methods. 


SCENERY HILL GAS FIELD, WASHINGTON COUNTY, 
PENNSYLVANIA! 


J. FRENCH ROBINSON? 
Pittsburgh, Pennsylvania 


ABSTRACT 


Scenery Hill, a small village in West Bethlehem Township, Washington County, 
Pennsylvania, 25 miles southeast of the famous McKeesport field, was the scene of 
unusual activity in the spring of 1927, when the first gas well was completed in that 
field. Since that time thirty-six wells, sixteen of which were dry holes, have been drilled 
within a radius of 1 mile. 

Local domes located on a plunging syncline afforded an ideal condition for the 
segregation of gas, oil, and water. Unfavorable sand conditions caused many dry holes. 

Twenty wells produced 1,500,000,000 cubic feet of gas, with original rock pressures 
varying from 1,000 to 1,200 pounds. Production was largely from the Fifth sand. This 
compares on a small scale with the McKeesport field production of 22,000,000,000 cubic 
feet of gas from approximately 800 wells. 

Production reached its peak during November, 1927, when fifteen wells produced 
454,000,000 cubic feet of gas. By August, 1928, there were only four producing wells, 
sixteen having been abandoned. The four active wells produced oniy 3,556,000 cubic 
feet of gas in July, 1928, these being operated on a vacuum. 


INTRODUCTION 


Scenery Hill is a small village in West Bethlehem Township, Wash- 
ington County, Pennsylvania, on the National Highway, 3 miles west of 
Beallsville, 14 miles east of Washington, and 25 miles southwest of Mc- 
Keesport. 

Wells had been drilled in the vicinity of Scenery Hill thirty years ago, 
but not until May, 1927, was Scenery Hill known as a gas field. The 
development in this field has been termed that of “a little McKeesport 
field,” which was developed in the latter part of rgr9. Scenery Hill was 
also a town-lot field. The McKeesport gas field, however, produced about 
22,000,000,000 cubic feet of gas, and the estimated production at Scenery 
Hill field was 1,500,000,000 cubic feet of gas. 

The development of the McKeesport gas field, in which approximate- 
ly $35,000,000 were lost, was soon forgotten, and history was repeated 
at Scenery Hill, only on a smaller scale. 


x Manuscript received by the editor, August 13, 1928. 
2 Geologist and engineer, The People’s Natural Gas Company. m 
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STRATIGRAPHY 


The principal producing horizon in the Scenery Hill gas field is the 
Fifth sand, which is at the base of the Catskill formation in the Devonian 
system; however, small quantities of gas were obtained from the Big 
Injun, Gantz, and Gordon Stray sands. The outcropping horizons are 
those of the Dunkard series in the Corniferous system. Table I shows the 
comparisons of the horizons penetrated in the vicinity of Scenery Hill. 
Measurements are shown in feet above or below the Pittsburgh coal 
horizon. 

Dunkard formation.—The Dunkard formation of the Pittsburgh series 
of the Carboniferous system has been so eroded that only 520 feet of the 
lower part of this formation is visible. 

Monongahela formation.—The Monongahela formation lies just be- 
neath the Dunkard formation, the base of which is distinguished by the 
Pittsburgh coal bed. This coal is an important marker in the oil and gas 
fields of Pennsylvania, and most sand horizons and production are re- 
ferred to it for identification as being so many feet below the Pittsburgh 
coal bed. The Monongahela formation in this vicinity has a thickness of 
approximately 400 feet, made up primarily of shale, sand, sandstone, and 
several coal seams. 

Conemaugh formation.—The Conemaugh formation, next beneath the 
Monongahela formation, is composed of gray-brown micaceous sandstone, 
some of which carries quartz pebbles. Thin coal seams and lime horizons 
are also found in the Conemaugh formation. Considerable gas has been 
found in Pennsylvania in the Murphy sand, Little Dunkard (First Cow 
Run sand or Buffalo sand) and Big Dunkard (Mahoning) sand. 

Allegheny formation.—The Allegheny formation lies immediately un- 
der the Conemaugh formation and has a thickness of 110 feet. Many 
important coal horizons are found within this formation. The First gas 
sand is a prolific producing sand in the southwestern part of Pennsylvania. 

Beaver River formation (Pottsville series)—The Beaver River forma- 
tion next below the Allegheny is the last formation in the Pennsylvanian 
subsystem of the Carboniferous system. It has a thickness of 320 feet. 
It contains the First salt sand, Second salt sand, Third salt sand, and 
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TABLE I 
Fret ABOVE AND 
BrELtow PirrsBuRGH 
System | Supsystem| SERIES FoRMATION NAME OF FORMATION Coat 
Top Bottom 
Dunkard | Waynesburg “A” coal 390 
Mononga- | Waynesburg coal 335 
hela Uniontown coal 275 
Mapletown coal 120 
Redstone coal 70 
Pittsburgh coal ° 
Cone- Murphy sand 180 230 
Pitts- maugh | Bakerstown coal 380 
burgh Little Dunkard sand 385 440 
Carbon-| Pennsyl- Mahoning coal 520 
iferous} vanian Big Dunkard sand 525 600 
Upper Freeport coal 605 
Allegheny | Lower Freeport coal 650 
Upper Kittanning coal 705 
Middle Kittanning coal 745 
Lower Kittanning coal 785 
First Gas sand 785 805 
Potts- | Beaver First salt sand 810 880 
ville River Second salt sand 890 | 1,000 
Third salt sand TROOSMIEL.O75 
Maxton sand 1,080 | I,130 
Mauch | Mauch Mauch Chunk red shales} 1,120 | 1,130 
Chunk} Chunk | Little lime Leite) |] TESTS 
Pencil Cave MPS || aesses 
Burgoon Big lime bp ttigiy ll i as 
Big Injun sand 1,215 | 1,480 
Missis- Cuyahoga | Squaw sand ‘ TS 20) E055 
sippian| Pocono Patton shale (red) 1075) e725 
Second gas sand 1,780 | 1,810 
Berea Murrysville sand (Berea)| 1,855 | 1,910 
Hundred- | Gantz sand 1,975 | 2,025 
Foot Fifty-foot sand 2,035 | 2,070 
Thirty-foot sand 2 RLON| 25130 
Upper | Catskill Snee sand 2,145 | 2,160 
Gordon Stray sand 2,185, || 2,210 
Gordon sand 2,230) || 25,200 
Fourth sand Ds iss || Pickers 
Fifth sand 2,340 | 2,350 
Devon- Middle | Chemung | Bayard sand 2,435 | 2,450 
jan Bayard Stray sand 2,500 | 2,510 
Elizabeth sand 2,530 | 2,540 
Speechley sand 3,270 | 3,290 


446 J. FRENCH ROBINSON 


Maxton sand, all of which are productive in some parts of Pennsylvania. 
These sands ordinarily contain a large amount of salt water, and it is 
common practice, when drilling to deeper horizons, to case through 
them. 

Mauch Chunk.—The Mauch Chunk series separates the Pennsylvani- 
an system from the Mississippian system. This group consists of red, 
green, and black shales, with a limestone, known as “Little lime.”’ The 
bottom of the Pencil Cave forms the base of this series. 

Burgoon formation.—The Burgoon formation next below the Mauch 
Chunk formation is composed of the Big lime and Big Injun sands, and 
comprises an interval of approximately 320 feet. The Big lime, as corre- 
lated by the drillers, is generally known as the ‘‘Greenbrier limestone.” 
The Big lime is productive of gas in southern West Virginia, but nowhere 
in Pennsylvania does it produce either oil or gas. The Big Injun sand is 
one of the most prolific gas-bearing horizons within the state of Pennsyl- 
vania. It has an average thickness of 250 feet. 

Cuyahoga formation (Pocono system).—The Cuyahoga formation, 
which is below the Burgoon formation, is composed of the Squaw (Weir) 
sand and is productive in parts of Pennsylvania. 

Berea formation.—The Berea formation, next below the Cuyahoga 
formation, constitutes an interval of approximately 200 feet and is com- 
posed of the Second gas sand and the Murrysville or Berea sand, both of 
which are productive within the state of Pennsylvania. The Berea for- 
mation forms the base of the Carboniferous system, and the Gantz sand 
is the top of the Devonian system. The Gantz and Fifty-foot sands form 
the Hundred-foot sand. Both are productive in Pennsylvania, and the 
Gantz sand is productive at Scenery Hill. The Thirty-foot sand comes 
immediately below the Fifty-foot sand, and is productive throughout a 
larger part of the state. The Berea sand crops out at Corry, Pennsylvania, 
approximately 150 miles north of Scenery Hill. 

Catskill formation.—The Catskill formation, which is the beginning 
of the red beds, has an interval of 340 feet and is composed of the Snee 
sand, Gordon Stray sand, Gordon sand, Fourth sand, and Fifth sand, all 
of which are productive within the state. The Fifth sand is at the base 
of the red beds and is a very thin sand. In this vicinity it scarcely ex- 
ceeds 15 feet in thickness, 

Chemung formation.—The Chemung formation lies next below the 
Catskill formation. It has a thickness of approximately 1,800 feet. Much 
of the production from Pennsylvania is obtained from this group of sands; 
namely, Bayard Stray, Elizabeth sand, Warren sand, Speechley and 
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Tiona sands, Balltown sand, Sheffield sand, and Bradford sand. No pro- 
duction at Scenery Hill has been found below the Fifth sand; however, 
approximately 2 miles northwest, production has been obtained from 
the Speechley sand of this same formation. 


STRUCTURE 


The relation of the oil and gas to structure in the Appalachian field 
has been doubted by many well-known operators. This pool seems to be 
an ideal situation to clarify some of the erroneous opinions, which are 
seemingly fixed in the minds of many of the most prominent oil and gas 
operators. Scenery Hill is located in the Waynesburg syncline; however, 
it is a considerable distance from the basin or low point which is south 
and west of the town of Waynesburg in Franklin Township, Greene 
County, at which point the Pittsburgh coal has an elevation of 350 feet 
above sea-level. This syncline extends northeast and southwest, Scenery 
Hill being located 16 miles northeast, out of the basin, or at a point where 
the Pittsburgh coal has an elevation of approximately 640 feet above sea- 
level. The accompanying structure map (Fig. 1), drawn on the Pitts- 
burgh coal horizons, shows the local structure in the vicinity of this gas 
field. It is shown on the structure map that the production comes from 
a small dome which affords an ideal place for the accumulation of natural 
gas. The intervals from the Pittsburgh coal to the various horizons (Fig. 
r) are so regular that the subsurface structure would parallel that drawn 
upon the Pittsburgh coal horizon; and since the Pittsburgh coal is rec- 
ognized by all drillers, it affords an ideal marker upon which to base the 
structure. The surface elevation in the vicinity of Scenery Hill ranges 
from 1,000 feet to 1,486 feet above sea-level; therefore, the Pittsburgh 
coal horizon is well beneath the surface at all points (the major uncon- 
formity in this area is between the Pottsville [Pennsylvanian] and the 
Mauch Chunk [Mississippian]). 

Approximately 2} miles southwest of Scenery Hill oil has been found 
in the Fifth sand. The production of some of the wells varied from ro to 
20 barrels a day. The structural elevation on the Pittsburgh coal bed at 
this point is 587 feet above sea-level; the high point on the local dome at 
Scenery Hill is 642 feet. The gas is at an elevation approximately 55 feet 
higher than where oil was encountered. 

The production from the Scenery Hill field is termed ‘‘synclinal,”’ but 
it must be remembered that in the Appalachian field there are plunging 
synclines and anticlines; therefore, before conclusions are reached, a care- 
ful study must be made to see if the production is low in the syncline or 
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STRUCTURE MAP 
SCENERY HILL VICINITY 
CONTOURS DRAWN ON TOP 
OF THE PITTSBURGH COAL 
CONTOUR INTERVAL 5-FEET. 

— LEGEND— 
o LOCATIONOABD. DRY HO 
XGAS WELL® " GASWEL 
e OIL WELL© " LOCATION 


Fic. 1.—Structure of Scenery Hill gas field, contoured on top of Pittsburgh coal. 
Contour interval, 5 feet. Scale in feet. 
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basin or if it is high on a rising syncline. That is the condition here; and 
although the production is in the syncline, the structural elevation is high- 
er than points on the adjacent anticlines where production is found. 

The famous McKeesport field was located on a flat nose of the 
Murrysville anticline. The elevation of the Pittsburgh coal horizon at 
this place ranges from 1,050 to 1,250 feet above sea-level. 


SANDS 


The principal producing sandstones in Scenery Hill, together with 
most of the other sandstones recorded in Figure 1, are very persistent 
through the larger part of western Pennsylvania. 

The Speechley sand has been the lowest producing horizon in the 
extreme southwestern part of the state. Just north and east of Scenery 
Hill the Bradford sand (base of the Chemung formation) becomes produc- 
tive. This horizon is approximately 800 feet below the Speechley sand. 
In the northern part of the state, the Kane sand (Portage formation) is 
productive. This horizon is approximately 1,200 feet below the Speechley 
sand. 

PRODUCTION 


‘The production from the Scenery Hill gas field was almost entirely 
from the Fifth sand. The first well in the field was completed in May, 
1927. Since that time thirty-six wells have been drilled within a radius 
of 1 mile, sixteen of which were dry holes. Of the twenty gas wells which 
have been producing in this field, all but four are now abandoned. The 
original rock pressure at some of the wells varied from 1,000 to 1,200 
pounds. Line pressures formerly were as high as 500 and 600 pounds but 
are now being operated on a vacuum. The production by months and the 
well data from this field are shown in Table II. 

The Scenery Hill gas field reached its peak in November, 1927. Dur- 
ing this month it produced 454,600,000 cubic feet of gas, at which time 
fifteen producing wells were in the line and six dry holes had been com- 
pleted. 

The total production from the field to August, 1928, was 1,460,734,000 
cubic feet of gas. 

Scenery Hill is so located that practically no gas was wasted, as it 
required only a short time for the companies to supply pipe-line facilities. 
The local field is now almost exhausted, and the prospects are that a 
Speechley sand gas field may be developed north and west of this 
field, 
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CONCLUSIONS 


In the writer’s opinion the structural condition caused the accumula- 
tion of gas at this place; however, the sand condition, being so hard in 
one locality and a little more porous in others, accounts for the good wells 
in one place and the dry ones in another. As shown on, the structure map, 


TABLE II 
Montaiy Propuction, SCENERY Hitt FIELD 

4 pte of nae of a Nowor 

Cubic Feet i ; 
Year Months ubic Fee os inci. je wae Dry Holes 

LOO 7 Aree eed May 25,459,000 it ° ° 
June 37,729,000 I ° ° 
July 41,116,000 I ° ° 
August 134,408,000 3 ° ° 
September 175,050,000 4 ° ° 
October 195,710,000 9 ° 3 
November 454,600,000 15 ° 6 
December 213,351,000 14 I II 
102 Shee erate January 81,176,000 II 5 13 
February 41,046,000 Io Io 15 
March 30,146,000 10 IO 16 
April 20,444,000 10 bie) 16 
ay 4,702,000 9 Tn 16 

June 2,241,000 6 14 16 « 
July 3,556,000 4 16 16 

EL Ota Pereae lean awe ee T4005: 7134) 5000 sill beeen comeae ia: cic cae eran | eee 


it was not uncommon to have a very good well on one lot and a dry hole 
on the adjacent lot. 

This field illustrates synclinal production of gas, but it is found on a 
plunging anticline. Oil is found in the same syncline but lower on the 
structure, Water is also found below the oil. Local domes on the syncline 
afford ideal conditions for the segregation of the water, oil, and gas. 

Most sands in this territory are very extensive and uniform, the tight 
texture of the sands being the cause for most of the dry holes drilled on 
otherwise favorable structure. 


WEST COLUMBIA SALT DOME AND OIL FIELD, 
BRAZORIA COUNTY, TEXAS: 


D. P. CARLTON? 
Houston, Texas 


ABSTRACT 


Oil accumulation on salt domes is either in super-cap sands, cap rock, or lateral 
sands. West Columbia is an example of a salt-dome oil field which produces only from 
lateral sands. One 20-acre lease has produced 620,000 barrels an acre in eight years. 
The Texas Company’s Abrams No. 1 was completed on July 20, 1920, and for six 
weeks flowed at the average rate of 26,500 barrels per day of pipe-line oil. 


INTRODUCTION 


The West Columbia salt dome has associated with it one of the prin- 
cipal oil fields of the coastal region of Texas and Louisiana. The dome 
lies in Brazoria County, west of Brazos River, about 50 miles southwest 
of Houston and 25 miles from the Gulf of Mexico. It is accessible from 
Houston by automobile or by train (the International and Great Northern 
Railroad) to Columbia, 3 miles southeast of the field. The dome at West 
Columbia is approximately in the center of a group of sixteen domes lo- 
cated in Matagorda, Fort Bend, Wharton, Harris, and Brazoria counties. 
It is the only oil producer of importance in the group, eight of which were 
recently discovered and are comparatively undeveloped. As a producer 
of oil, it ranked fourth among Texas salt-dome fields at the close of 1927 
(Fig. 1). 
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HISTORY 
Karly in rgo1, after the completion of large wells at Spindletop salt 
dome in Jefferson County, Texas, development was begun at West Colum- 
bia, or Kaiser’s Mound. The presence of a slight topographic mound witha 
central, swampy basin, gas seeps, oil showings, and paraffin-dirt beds had 
attracted attention to the locality. Several unimportant shallow wells 
were drilled during the first fifteen years of development; however, no 
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Fic, 1.—Location of salt domes in southeastern Texas. 


production of importance, such as at Spindletop, was obtained from these 
cap-rock wells. In 1917 the first deep-sand well was completed on the 
Tyndall-Wyoming lease on the northeast side of the dome. In the winter of 
1918 better deep-sand wells were completed, and in January, 1919, The 
Texas Company completed its Arnold No. 2 with an initial production of 
6,500 barrels per day. 

At the end of 1919 the producing area was delimited on the north, 
south, and west, Late in the summer of 1920 the field was extended to- 
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ward the east by the completion of the W. C. Hogg wells of the Gulf 
Production Company. Since the end of 1920 no important developments 
have taken place. 

The peak of production for the field was in 1921, during which year 
12,500,000 barrels of oil were produced.? 


Fic. 2.—Topography of West Columbia, showing position of salt with respect to 

topography and drainage. 
PHYSIOGRAPHY 

West Columbia salt dome has for its surface expression a faint horse- 
shoe-like rim rising from 5 to 12 feet above the surrounding prairie (Fig. 
2), The central basin opens toward the northeast into Varner Creek, a 
tributary of Brazos River. Erosion by the creek has removed most of 
the rim on the northeast. The floor of the central basin is 5-10 feet below 


x A more detailed history of West Columbia can be found in the paper by D. C. Bar- 
ton, op. cit., pp. 213-15. 
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rated from Varner Creek by a remnant of the rim or a natural levee of 


the level of the prairie. In dry weather there is a marsh in the basin sepa- 
the creek. 
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SURFACE GEOLOGY 
The beds exposed in the vicinity of West Columbia field are the cla 
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mound appears to have a more sandy soil than that of the surrounding 
territory. 
SUBSURFACE GEOLOGY 


A contour map showing the subsurface structure of the West Colum- 
bia salt dome is shown in Figure 3, and further details of subsurface con- 
ditions are shown in sections and drawings of the dome in Figures 4-8, 
inclusive. 
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Fic. 4.—Section SSE, West Columbia (see Fig. 3). 


- The dome at West Columbia has a salt core, a truncated cone in shape, 
with a relatively flat top, standing at an average elevation of 800 feet 
below sea-level. The plan of the salt core is nearly circular, the 800-foot 
and 3,500-foot contours nearly concentric, and respectively 3,000 feet 
and 4,500 feet in diameter. The slope of the sides of the salt core is de- 
termined by a 2,700-foot drop in 750 feet horizontal distance, or a 4-to-1 
slope. The shallowest salt is found at 768 feet below sea-level, and the 
deepest well to reach salt found it at 4,216 feet. The best data on the 
salt are found in wells on the northeast and east flanks of the stock. The 
position of the salt is largely determined by the negative control of deep 
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Fic. 5.—Sections SE and WSW, West Columbia (see Fig. 3). 
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wells which were drilled ‘‘off side” the core, and delimited the salt, al- 
though it was not actually encountered. 


CAP 

The cap rock at West Columbia consists of anhydrite and gypsum. 
It partly covers the salt, ranging from 100 to 150 feet in thickness on the 
north edge, probably pinching out toward the south. 
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Fic. 6.—Section NE, West Columbia (see Fig. 3). 


SUPER-CAP SEDIMENTS 


The slight doming of the surface at West Columbia is evidence of 
the uplift of beds above the cap rock in Pleistocene time. The basin in 
the top of the mound is probably the result of removal, by solution, of 
some of the supporting salt at the top of the core which allowed the sedi- 
ments on top of the dome to slump. Scarcity of wells on the cap, and lack 
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of cores or samples, have prevented a detailed study of these beds. The 
wells drilled to the cap or salt began in the sandy clays of the Beaumont, 
and there is no record of older formations above the dome. These super- 
cap sediments at West Columbia have not produced oil wells of commer- 
cial importance. 
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Fic. 7.—Section NV, West Columbia (see Fig. 3). 


SURROUNDING SEDIMENTS 


The salt core at West Columbia is known to penetrate Eocene, 
Oligocene, and the lower three-fourths of the local Miocene-Pliocene- 
Pleistocene series. After a thorough lithologic and paleontologic study 
of the samples in Lovejoy No. r drilled by the Humble Oil and Refining 
Company on the southwest side of the dome, the section in this well is 
presented as a geologic section for West Columbia (Table 1). 

For purposes of this report the Miocene-Pliocene-Pleistocene series is 
called “Miocene”; the coral limestone of the Heterostegina-bearing zone 
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of the Oligocene, which has been described by Miss Ellisor® is, for sim- 
plicity, referred to as the “Columbia lime.” 

In the study of the subsurface of West Columbia, logs of all wells 
were collected, the sample files of the companies operating the field were 
searched, and all available cores and cuttings were thoroughly examined. 
No attempt was made to differentiate the Miocone. The Middle Oligo- 
cene was recognized as having three zones, the Discorbis, the Heterostegi- 
na, and Marginulina, so named from the characteristic fossil in each 
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Fic. 8.—Section WNW, West Columbia (see Fig. 3). 


zone. In the Heterostegina zone, the Columbia lime was selected as a key 
bed upon which contours might be drawn because it was hard, easily rec- 
ognized in drilling, and found on all flanks of the dome. The Eocene was 
recognized by its foraminiferal association or, in drillers’ logs, by the 
term “heaving shale.”’ Drillers easily recognize the “heaving shales.” 
Sample determinations fix the age of these shales as Kocene. 

Figure 3 is a subsurface map of West Columbia. The salt plug is in- 

tA. C. Ellisor, “Coral Reefs in the Oligocene of Texas,” Bulletin Amer. Assoc. 
Petrol. Geol., Vol. 10 (1926), pp. 976-85. 
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dicated, and contours are drawn on the Columbia lime as determined by 
the data available and giving due consideration to the penetration phe- 
nomena of the dome. For convenience in discussion, the dome is divided 
into four quadrants, the first being the northeast, and the others num- 


TABLE I ‘ 


GEOLOGIC SECTION OF WEST COLUMBIA HUMBLE OIL AND REFINING COMPANY’S 
Lovejoy No. 1 


Series Formation Depth in Feet Remarks 
Pleistocene Beaumont Varicolored sticky gumbos, sandy 
clays, clayey sands, and sand- 
Pliocene Lafayette Surface to stones of non-marine and shallow- 
3,190 water marine origin characterized 
Miocene Fleming by re-worked Cretaceous Fora- 


mintfera, shallow-water forms 
such as Rotalia beccarii, Poly- 
stomella, Striatapunctata, ostra- 
cods, oysters 


Discorbis 3,190-3,295 | Light gray and light greenish-gray 
shaly clays. No gumbo 
Oligocene Heterostegina 3,205-3,570 | Light gray fossiliferous limestone 
(Middle) with few shale breaks 
Marginulina 3,576-3,870 | Light greenish-gray calcareous 
sandy clay 
Textularia hock-| Absent 
leyensis 
Eocene (Jack- | Textularia 3,870-4,405 | Dark brown shaly clay, non-cal- 
son) dibollensis careous or slightly calcareous 
Bulimina 4,405-4,503 | Dark brown calcareous unctious 


clay in places 


bered counter-clockwise as in trigonometry. All cross sections are desig- 
nated by the direction taken from the center of the salt core. 


DISCUSSION OF THE DOME BY QUADRANTS 
FOURTH QUADRANT 
In the fourth quadrant section SSE (Fig. 4) and SE (Fig. s), together 
with the contour map, give a picture of the dome and adjacent sediments 
throughout a relatively large area. There is a gradual increase in tilt of 
the sediments as they approach the dome, and the older formations are 
tilted the most. The faults UV and XY (Fig. 3) are substantiated by logs 
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and paleontologic data. Wells No. 28, No. 31, No. 34, No. 37, and No. 39° 
establish the position of the upper block of Columbia lime, and Wells No. 
22, No. 32, No. 35, No. 36, No. 38, and No. 4o establish the lower block. 
The displacement in the Columbia lime, along the fault, is approximately 
400 feet. 

On the upper block of Columbia lime the Miocene rests directly on 
the limestone, the Discorbis zone of the Oligocene having been eroded 
or pinched out. Over the lower block of Columbia lime the Miocene rests 
directly on the Discorbis zone of the Oligocene. 

The faults UV and XY are reflected in the Miocene producing sands 
directly above the faults in the Oligocene lime, although the displacement 
is only 200 feet, about half as much as that in the lime. This condition 
indicates that part of the movement took place before the Miocene sands 
were deposited, and part after the deposition. 

Section SE (Fig. 5) shows one sand over the upper block and three 
over the lower. The upper sand, which is found on both sides of the fault 
separating the two blocks, and the deepest sand over the lower block have 
proved to be the most reliable and were very prolific. Several very large 
wells were completed in the middle sand. These probably were fault- 
zone wells as they were found only on, and in the immediate vicinity of, 
the east end of the Japhet lease of the Humble Oil and Refining Company. 

Just north of and approximately along the north line of the Japhet 
lease, production in the Miocene sands is very erratic. The Oligocene 
section is missing on the McMeans lease (Wells No. 25 and No. 26) and 
on the Bashara lease (Wells No. 22, No. 23, and No. 24), the drill passing 
from Miocene into the “heaving shale” of the Eocene. The Miocene pro- 
ducing sands, in this area of erratic producing wells, are deeper northward 
from the north line of the Japhet lease than those an equal distance from 
the center of the salt core and above the Columbia lime on the south. 
The great productivity of the wells over this Columbia lime may be at- 
tributed to the fact that the Miocene sands above the lime were carried 
upward with it in a relatively undisturbed condition. The sands were of 
excellent character and in position to become oil reservoirs, sealed on the 
northwest by the dome movement zone and on the north by the disturbed 
zone in which the Miocene is slumped down on the Eocene. 

Two or three of the wells on the Japhet lease on the upper block of 
Columbia lime obtained erratic production in the Oligocene. This was 
probably accidental and occurred because the Oligocene was here thrust 


1 These figures refer to the numbers given to the wells shown on the contour map 
of the Columbia limestone. 
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up in position to become a reservoir and was filled with oil just as the 
Miocene reservoirs were filled. No other Oligocene producing wells are 
known on this dome. 
FIRST QUADRANT 

The Columbia lime is found in two wells in this quadrant (Wells No. 1 
and No. 2). Section NE (Fig. 6) and the contour map show the sedi- 
ments adjacent to the dome in a very limited area. The Miocene sands 
are tilted more steeply than those in the fourth quadrant. The Oligocene 
section in Well No. 2 nearest the dome is 105 feet thick, the Eocene sec- 
tion 250 feet thick, and the salt was reached at 3,852 feet. 

Section NV (Fig. 7), extending from The Texas Company’s Hogg No. 
58 north across the Jackson subdivision, shows a Miocene sand with con- 
siderable tilting. Datain this quadrant are not sufficient to prove faulting 
in the vicinity of this section; however, when Hogg No. 68 and Abrams 
No. 7 of The Texas Company were projected onto section W by parallel- 
ing the salt contours, it was noticed that the producing horizon in these 
wells was 300 feet lower than the sand in the wells adjacent to the section 
line. Wells projected in the same manner from the west onto the section 
have the same producing horizon as those adjacent to the section. There 
is, therefore, a suggestion of a radial fault passing northeast somewhere 
between Texas Abrams No. 1 and No. 7. No wells on the north side of 
the dome have encountered Oligocene or Eocene formations, 


SECOND QUADRANT 


In this quadrant the position of the Columbia lime is determined by 
four wells, No. 9, No. 10, No. 11, and No. 12. Section WNW (Fig. 8), 
with the contour map, show the general subsurface conditions in a part 
of this quadrant. The Miocene and Oligocene beds are tilted more gently 
than in the first and fourth quadrants. Attention is called to the fact that 
this block of lime is much farther from the center of the salt core than the 
blocks in the two preceding quadrants. The Oligocene gradually pinches 
out toward the dome and toward the south, and the wells pass directly 
from Miocene into Eocene. The Oligocene was found in Well No. to at 
3,960 feet and was still in Columbia lime at 4,533 feet; Well No. 12 en- 
countered it at 4,110 feet and drilled through it at 4,400 feet into Eocene; 
Well No. 13 drilled directly from Miocene into Eocene between 4,080 and 
4,120 feet. In the southern part of this quadrant it should be noticed that 
many wells passed directly from the Miocene into the Eocene with the 
entire section of Oligocene removed by pinching, faulting, or erosion, or 
a combination of all the processes. 
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THIRD QUADRANT 


The contours on Figure 3 and section WSW (Fig. 5) ate used to show 
subsurface conditions in this quadrant. Unfortunately data are sufficient 
to show only the dip in the Columbia lime (Wells No. 18 and No. 19). 
Especial attention is called to the distance of this block from the center 
of the salt core, and its elevation as compared with the blocks in other 
quadrants. Wells No. 15, No. 16, No. 17, No. 20, and No. 21 drilled di- 
rectly from Miocene into Eocene. Well No. 18 encountered Oligocene at 
2,680 feet, passed out of it at 2,926 feet into Eocene, and continued drill- 
ing in it to a total depth of more than 3,400 feet. Well No. 19 (Lovejoy 
No. 1 of the Humble Oil and Refining Company) encountered Oligocene 
at 3,190 feet, drilled out of it at 3,870 feet into Eocene, and was abandoned 
in Eocene at 4,623 feet. There were no reliable data obtainable on the 
south side of this dome, though, judged from lithology in the well logs, 
the formations penetrated were probably Miocene. 


DOME-PENETRATION PHENOMENA AT WEST COLUMBIA 

The salt dome at West Columbia began its upward movement through 
an east-west fault or line of weakness. The stock split open the fault just 
as a pencil point splits open a slit in a piece of paper when thrust through 
the cut. The points of greatest pressure on the salt were on the north and 
south sides, and the areas of least pressure on the east and west sides. 
Into the areas of low pressure and gaps in the Columbia lime, the Eocene 
was pressed upward and the Miocene collapsed downward to come into 
contact with the Eocene. In addition to the primary fault through which 
the dome began its movement, there were developed several radial and 
peripheral faults, some clearly decipherable and others suggested; but 
because of meager data, these were not definitely proved. 

Figure 3 shows that the plans of the blocks in the second and fourth 
quadrants are fixed by three or more wells in each block. In the first and 
third, with only two wells to the block, only the dip is definitely fixed. 
Because of the attitude of the blocks in the second and fourth quad- 
rants, it seems reasonable that the blocks in the first and third should 
occupy a similar attitude with respect to the salt stock, and these were 
therefore drawn as shown on the map. 

“There is considerable difference in elevation of the lime in the four 
quadrants, The two blocks on the north side of the original fault are 
lower than the two on the south. The two blocks of lime west of the center 
line of the dome are much farther from the center of the salt mass than 
the two on the east. Since the lime in the first and fourth quadrants is 
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much closer to the dome, it is reasonable to believe that the east side of 
the salt mass is very steep. The much greater distance of the lime blocks 
on the west, from the center of the salt, suggests a more gentle slope of 
the salt, although the meager data available do not prove it. The fact 
that the lime blocks are much higher in the two southern quadrants sug- 
gests that there must have been some projection or obstruction on the 
upward-moving salt mass, which carried parts of the blocks to higher 
elevations than the blocks on the north side of the primary fault. 

At a distance of 4,500 feet from the center of the salt, the elevation of 
the Columbia lime as determined by wells, or projection of the known 
dip of the lime, is as follows: 


First quadrant, —5,000 feet (projection) 

Second quadrant, —4,100 ‘‘ (wells) 

Third quadrant, —2,800 ‘“ (wells) 

Fourth quadrant, —4,100 ‘‘ (wells) (lower block) 
—3,900 ‘‘ (projected) (upper block) 


The greatest differential uplift in the lime is 2,200 feet between the 
first and third quadrants; and the least, zero feet, between the lower block 
in the fourth quadrant and the segment in the second quadrant. 

In order to throw further light on structural conditions surrounding 
this dome, the three truncated sections of Figure 9 were drawn. The trun- 
cations were made at elevations of — 3,000, — 3,400, and —3,g00 feet by 
means of the contour map on the Oligocene and the sections shown in 
Figures 4-8. The — 3,000-foot section shows the salt core with the Oligo- 
cene appearing on the south side of the dome; the section — 3,400, the 
Oligocene in the first, third, and fourth quadrants; and the section 
— 3,900, the Oligocene in all four quadrants of the dome, practically sur- 
rounding the dome. 

For a more thorough understanding of the subsurface at West Co- 
lumbia a perspective drawing of the dome was constructed, using the 
contour map in Figure 3 as a basis for the picture which is shown in 
Figure 10. The viewpoint of the observer is at a point soo feet above 
the surface of the ground east of the dome, and the observer looks from 
this point due west over the center of the salt mass. The rim and surface 
basin are shown. By removing all the Miocene sediments from a part of 
the cap, salt, Oligocene lime, and Eocene, one is able to see the attitude 
of the sediments older than the Miocene with respect to the salt core, and 
also to see in the “wall” sections the attitude of the Miocene beds with 
respect to the Oligocene and the salt. The drawing had to be augmented 
in some detail in order to make a complete picture, but nothing was added 
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which does not correspond with the general condition of the salt and its 
surrounding sediments. The faults in the Columbia lime and the area of 
Eocene in the rift between the two major Oligocene segments upon which 
Miocene sediments rested, are shown. The Miocene producing sands 
shown on the left wall of the cut have been transposed to that position 
from a position nearer the Eocene area. The Miocene producing sands 


Fic. to.—Perspective drawing of West Columbia salt dome. Depths in feet. 


on the right wall of the cut show the general attitude of the producing 
sands on the north side of the dome. This perspective drawing was made 
to show the major features of the dome. It is undoubtedly too smooth 
and too regular, and no doubt there are other minor faults and irregulari- 
ties. Too much detail would complicate the picture. 


RELATION OF THE ACCUMULATION OF OIL TO STRUCTURE 


At West Columbia the production is found in the lateral sands of 
Miocene age. In those exceedingly prolific sands in the fourth quadrant, 
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production comes from sands which were carried upward on the Oligo- 
cene lime with little disturbance except for the fault which divided the 
blocks. The nearly vertical fault zone between these blocks produced 
several very large wells. The Miocene sands in the Eocene area north of 
the Japhet lease yielded fair production, but the position of the sands is 
very erratic, owing to slumping. 

In the Miocene sands associated with the blocks of Oligocene lime in 
the first and fourth quadrants has been found some excellent production. 
The remarkable production obtained by The Texas Company on the 
Abrams and Hogg leases on the north side of the dome comes from Mio- 
cene sands whose relation to the Oligocene is not known. These sands are 
rather steeply tilted though very regular, and probably were carried up 
intact on the Oligocene during the movements of the salt core. 

Salt stocks in moving upward produce doming of the sediments 
around and above the cores. If petroleum source beds have been uplifted 
or penetrated, there should be an oil accumulation, provided there are 
reservoirs in either the super-cap sands, the cap rock, or the lateral sands. 
It should be expected that if a dome merely uplifts the sands in which 
the oil is indigenous, the only production would be obtained from super- 
cap sands. If the salt core penetrates the source beds, it is to be expected 
that the lateral sand reservoirs would be filled first, and that, given some 
avenue of escape, the oil would move upward into either porous cap, or 
super-cap sands, or both, depending on conditions on the dome. The 
Spindletop dome in Jefferson County, Texas, has all three types of reser- 
voirs known to the coastal domes of Texas and Louisiana, namely, super- 
cap sands, cap rock, and lateral sands. West Columbia has only one type, 
lateral] sands. 

PRODUCTION 

The production of the West Columbia field by years is shown in 
Table II. The productive area of the field is approximately 330 acres, 
and the production per acre approximately 200,000 barrels. The 20 acres 
of the Japhet lease held by the Humble Oil and Refining Company has 
produced 12,415,806 barrels of oil—620,208 barrels per acre. The curve 
in Figure rr shows the decline and cumulative curves for the whole West 
Columbia field and the Japhet lease. The Texas Company’s Hogg No. 
80 was completed on September 3, 1924, making 12,000 barrels of oil a 
day from a depth of 2,775 feet; and by July 8, 1928, had produced 2,700,- 
ooo barrels of oil. It is now producing approximately 1,300 barrels daily. 
The Texas Company’s Abrams No. 1, completed July 20, 1920, to date 
has produced more than 3,000,000 barrels of oil and is now pumping at the 
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rate of roo barrels daily. The Texas Company’s Hogg No. 58 was com- 
pleted on May 18, 1921, and has produced slightly in excess of 3,100,000 


TABLE II 

Propuction, West CoLuMBIA FIELD 
Year Barrels 
SHON Koi so Bro) Oe on an ote te Oe 136,000 
TBO RLSM, ase os Onl, at Oa ae 8,129,000 
ILO Togs oon ae Pecan er 10, 563,000 
LO 2 Te Pate awe ee st nara ene 12,573,000 
TE OD stocd. 5. Ore Sen 11,632,000 
TOPIC ee fie iene ane nee om 6,599,000 
SCP eek Oh tate ak eames Pens renee 4,964,000 
TS ag bho igi et are RC 4, 230,000 
EO 2 Opera Nn aos Tero 3,330,000 
TOY fi cyano nee ck SEA RNS ee 3,535,000 
IROOM eee, cael oe Ba TNE reel ke 2,946,000 

MO talleemare aye eence 2c carne 68 , 637,000 


barrels to date and is now producing at the rate of 800 barrels per day. 
This well has never made any sediment or water. 


11928 figures were added after report was written. 


RELATION OF ACCUMULATION OF PETROLEUM TO 
STRUCTURE IN STEPHENS COUNTY, 'TEXAS: 


W. K. ESGEN? 
Cisco, Texas 


ABSTRACT 


Stephens County, in north-central Texas, is situated on the axis of the Bend arch, 
one of the most important buried structural features in Texas. The most widespread 
occurrence of oil in the Bend series, of basal Pennsylvanian age, has been found in this 
county. Oil is also produced from sands in the Strawn formation, above the Bend. The 
control of oil accumulation is essentially anticlinal. 


INTRODUCTION 


Stephens County is in north-central Texas, approximately go miles 
south of Red River and the same distance west of Fort Worth. 

It is drained by the tributaries of Brazos River. These tributaries 
are intermittent streams flowing northward into the river which flows 
in a general direction toward the east and north, gradually swinging 
southeast and eventually reaching the Gulf of Mexico, 

Geologically,3 the county is in the Pennsylvanian area of north-central 
Texas. The Upper Pennsylvanian sediments constituting the surface 
rocks dip beneath the Permian on the west and are covered by Cretaceous 
on the east. The pre-Mississippian rocks of the Llano-Burnet uplift 
form the southern boundary of the Pennsylvanian beds. 


PRODUCTION 


The first well was brought in during the latter part of 1916. By 
December, 1920, the county reached its peak of production. During that 
month the daily average production per well was 122 barrels from 893 


* Manuscript received by the editor, November 10, 1928. 
? Humble Oil and Refining Company. 


3 Among previous papers describing this area are the following: Clarence S. Ross, 
“The Lacasa Area, Ranger District, North-Central ‘Texas,’ U.S. ‘Geol. Survey Bull. 
720-G (1921); H. H. Adams, “Geological Structure of Eastlan 
Texas,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 4, 
“Geologic Structure and Producing Are 
Vol. 3 (1910). 


d and Stephens Counties, 
No. 2 (1920); and Wallace E. Pratt, 
as in North Texas Petroleum Fields,” ibid., 
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wells. The total daily production was 109,917 barrels. At present the rate 
of production of 1,197 wells, total, had declined to 6,800 barrels per day. 

The county has produced 113,777,926 barrels, total, since the dis- 
covery well. The production has come from wells throughout the entire 
county, but almost half of the total has been produced in and near the 
county seat, Breckenridge, in an area of approximately 15 square miles. 
In this area, the average leases have produced 5,000 barrels per acre, with 
the wells which are still producing averaging 6 barrels per day. 


STRATIGRAPHY 


The Pennsylvanian sediments are divided into the upper and lower 
Pennsylvanian, separated by an angular unconformity. The upper Penn- 
sylvanian has been divided into three groups, the Cisco, Canyon, and 
Strawn, the surface rocks in the county being in the two upper groups. 

The Strawn consists of coarse sandstones, blue shales, and sandy 
shales, and is approximately 2,000 feet in average thickness in the south- 
eastern part of the county, where it is oil-bearing. Of the total production 
of the county, it is estimated that approximately 5,000,000 barrels have 
been produced from this group, the remainder from the lower Pennsyl- 
vanian, or Bend. The comparatively small amount of production from 
the Strawn is found at depths ranging from 1,350 to 2,400 feet. 

The lower Pennsylvanian, together with the underlying Barnett 
shale, which is questionable in age, is known as the Bend series and con- 
sists of black shales and heavy massive-bedded black and gray limestones. 
The Bend series is separated from the underlying rocks by an erosional 
and possibly angular unconformity. The lower Pennsylvanian is divided 
into the Smithwick and Marble Falls formations, with a total average 
thickness in the county of 1,100 feet. The principal producing horizon in 
the Bend is the Caddo, or Breckenridge, limestone, a lenticular lime in 
the Smithwick shale, which is variable in its character throughout a 
broad area. 

In places it is a well-developed, massive, hard limestone which must 
be broken by heavy charges of nitroglycerin before it yields oil. In other 
areas it is a porous, sandy lime which produces freely upon being pene- 
trated. In still other areas it is practically missing in the section, its 
place being taken by thin lime shells or black shale. 


STRUCTURE 


The upper Pennsylvanian beds which form the surface rocks of the 
county have a regional dip toward the west or slightly north of west at a 
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rate ranging from 4o to 60 feet to the mile. This general monoclinal struc- 
ture is interrupted by plunging anticlinal dip folds and by terraces. The 
dip folds may extend for miles, the rate of dip along the axes ranging from 
100 feet to the mile to no dip. Here and there are small domes on the 
axes of the folds, with closures ordinarily less than 1o feet. The terraces 
may extend along the strike for some distance, with small plunging noses 
projecting across the flattening in the beds, The axes of the well-known 
dip folds and the strike of the terraces are shown on the accompanying 
subsurface map (Fig. 1), 


SUBSURFACE STRUCTURE 


Strawn.—Owing to the character of the Strawn deposits, it is not 
practicable to map the subsurface on any one horizon and endeavor to 
cover any appreciable area. The sands are not blanket sands, and no 
extensive limestones were deposited. The small pools produce from differ- 
ent horizons. 

Subsurface maps of these pools, based on the producing sand of each, 
show in some pools small domes with a closure ranging from 10 to 50 feet, 
which may cover an area of 4 square mile. In other pools, production 
is obtained on plunging anticlines with different amounts of closure, 
and with abnormal dips on the flanks ranging from 20 to too feet per 
mile. In still other pools a dip fold very similar to common surface folds 
is mapped. 

Bend.—The folding in the lower Pennsylvanian beds is shown in 
Figure 1. The contours of this map are based on the top of the Caddo 
limestone or, in areas where the Caddo is not well developed or is missing, 
upon the top of the Marble Falls limestone, which is the top member of 
the Marble Falls formation in the Bend group and is at an average inter- 
val of 300 feet below the position of the Caddo. The contour interval is 
too feet, and minor structural features are not portrayed. 

The log sections (Figs. 2 and 3) give a picture of the regional attitude 
of the upper and lower Pennsylvanian beds. 

The county is located on the axis of a northward-plunging ge- 
anticline named the Bend arch. No particular line can be drawn repre- 
senting the axis of the structure, although in a broad sense it might be 
described as extending from the outcrop of the Bend sediments in San 
Saba and McCulloch counties, through the west part of Brown County, 
swinging northeast and passing near Ranger, in Eastland County, swing- 
ing back toward the north, and passing through the area west of Ivan, 
Stephens County. 

The arch, as pictured, is very similar in magnitude and major struc- 
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tural features to a subsurface map published by M. G. Cheney in the Ou 
and Gas Journal, April 12, 1928, which is based on the pre-Mississippian 
surface on which the Bend was deposited unconformably. 


COMPARISON OF SURFACE WITH SUBSURFACE STRUCTURE 


Strawn.—The folding throughout the upper Pennsylvanian is closely 
reflected by the surface beds. However, owing possibly to a slight dis- 
cordance between the Canyon and the underlying Strawn, or to pre- 
Canyon movements, the folding is more severe in the Strawn than shown 
by surface mapping on the Canyon and Cisco beds. Underlying a terrace 
in the surface beds, there may be a series of small plunging dip folds, or 
closed structures in the Strawn, extending along the strike of the terrace, 
with the areas of least dip along the axes of the folds occurring directly 
beneath the surface terrace. Underlying the area of least dip along the 
axis of a dip fold in the surface beds, the Strawn sands may show the 
presence of a dome, or a plunging anticline, with reversals ranging from 
10 to 50 feet. 

Bend.—The surface beds do not reflect the regional subsurface struc- 
ture of the Bend. The major surface folds, however, are reflections of 
minor movements in the Bend. Almost every subsurface dome or plung- 
ing anticline on the Bend arch is found under surface terraces or dip folds. 
All surface terraces or dip folds, however, do not overlie folds in the Bend. 
Many surface domes or anticlines are directly over synclines in the lower 
Pennsylvanian. The closure or flattening in the Bend is ordinarily found 
down-dip from the flattening in the surface beds, the horizontal shift of 
the top of the structure ranging from } mile to 2 miles, as in the Parks 
fold, whose axis extends through the Curry pool, southwest of Brecken- 
ridge. Folding in the lower Pennsylvanian sediments is a much greater 
magnitude than indicated by surface structure, domes and plunging anti- 
clines with closures ranging from 50 to 200 feet being common in the Bend. 


RELATION OF ACCUMULATION IN STRAWN TO SURFACE STRUCTURE 


The present pools in the Strawn are all in the southeast part of the 
county, as shown in the subsurface map (Fig. 1). There is no marked 
difference in the type or magnitude of structures in that area as compared 
with the rest of the county. Neither is there any difference in average 
rate of dip. The accumulation in a regional sense, therefore, can not be 
related to surface structure. Accumulation occurred in the southeast part 
of the county simply because conditions were more favorable there. 
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Local accumulation, however, is definitely related to surface struc- 
ture. The pools are situated on the axes or flanks of the surface dip folds 
or on the surface terraces. The northwest flank is the common area of 
accumulation, and in most pools the best production is obtained from 
that part of the structure. Theoretically, this is the structural position 
for accumulation to take place, where the regional dip is toward the north- 
west; and the theory is borne out by present production, 


RELATION OF ACCUMULATION IN STRAWN TO 
SUBSURFACE STRUCTURE 

As stated in a previous paragraph, subsurface structure in the Strawn 
is closely related to surface structure as mapped on the two upper groups 
in the upper Pennsylvanian, with the folding more pronounced in the 
Strawn than in the overlying beds. Accumulation with respect to sub- 
surface structure, as shown by detailed subsurface maps based on the 
producing sands in the various pools, is on the top of small domes, or on 
either flank, or on the axes of the dip folds. The best production is found 
where, theoretically, it should be, either within the closed part of the 
structure or on the northwest flank. It should be stated, however, that 
what seems to be a fold could be partly due to change of thickness in the 
sand body; and, there being no definite marker except the producing sand, 
it is highly probable that part of this steepening and reversal of dip in the 
Strawn is not structural but merely variation in thickness of the sand 
bed. The factor of variation in thickness of the sand body from no sand to 
100 feet is very important in the location of accumulation of oil. It is evi- 
dent that the oil must seek a reservoir; and should the sand body neces- 
sary for this reservoir be thin or changed to sandy shale on the northwest 
flank or top of the structure, and thick on the south flank, accumulation 
will take place on the south flank. This is the condition in some locations, 
but nearly all production, where thus found, is unimportant. 


RELATION OF ACCUMULATION IN BEND TO SURFACE STRUCTURE 
As shown in a previous paragraph, structure in the Bend commonly 
shifts down-dip from surface structure, and accumulation is ordinarily 
found some distance down-dip from its theoretical location, as judged 
from surface folding. 


RELATION OF ACCUMULATION IN BEND TO SUBSURFACE STRUCTURE 

The great Bend arch presents a magnificent structure for the ac- 
cumulation of petroleum. On the regional axis of this arch, up-dip, where 
the first major flattening and reversals occur, is Stephens County. In this 
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county, and slightly west of the axis of the arch, is a subsurface structure 
with almost 200 feet of closure, which covers an area of approximately 
25 square miles. On this structure the greatest accumulation of oil and 
gas on the arch has been found. Although there is no definite water table 
in the county, nevertheless, in general, the water, oil, and gas occur ac- 
cording to their theoretical sequence on structure; and the Humble Oil 
and Refining Company’s G. W. Keathley No. 1, probably the greatest 
gas well in the history of Stephens County, is on the highest part of the 
Breckenridge structure. The major accumulation of oil is found down- 
dip on the northwest, and water is encountered at approximately 1,900 
feet below sea-level in the producing formation. 

Petroleum is found in some local structural basins in the Bend, and in 
some instances accumulation has taken place so far down on the flanks of 
the plunging anticlinal folds that it appears to be almost synclinal. It is 
the writer’s opinion that under such conditions the accumulation is still 
anticlinal in a broad sense because the local closed basins and the flanks 
of the anticlinal folds are all high structurally when viewed with respect 
to their position on the Bend arch. The rather negligible accumulation 
located in locally low areas on the general high is due to local modification 
in the characteristics of the producing zone, or to the presence of crevices 
which extend through the limestone and serve as conduits connecting an 
accumulation under pressure with the local structural low, or possibly to 
lack of pressure necessary to force the petroleum to local structural highs. 

The relation of accumulation to structure in the Breckenridge pool is 
typical of the pools in the west two-thirds of the county. The Curry pool, 
southwest of the Breckenridge “high,” is on a plunging anticlinal fold 
extending halfway across the county, with gas on the closures, and oil 
down-dip on the axis and flanks, and the major accumulation on the 
north flank. The production at Ivan, in the northern part of the county, 
is on the down-dip flank of a dome with a closure of approximately 150 
feet, with gas on the top of the structure. In the northeastern part of the 
county, where the regional dip in the Bend is toward the northeast, the 
axes of the subsurface folds in the Bend extend in a general way south- 
west and northeast. In this area, the North Caddo and Hart pools are 
on the axes of plunging anticlinal dip folds, and the major accumulation 
of petroleum on the east flanks of the structures. 


SUMMARY 


Figure 1 shows the relation of accumulation to regional structure. 
The relation to local structure is also shown, although a detailed map 
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with smaller contour intervals would bring out the close relation more 
clearly. 

In conclusion, it is the opinion of the writer that although sand condi- 
tions modify the theoretical structural location of accumulation in the 
Strawn, and the characteristics of the Bend limestone influence to some 
extent accumulation in the Bend, still it is impossible to doubt that 
accumulation of petroleum is definitely due to regional and local anticlinal 
structure; and, further, that the accepted theories of accumulation of 
gas, oil, and water on structure have been fully verified by development 
in Stephens County, Texas. 


YATES FIELD, PECOS COUNTY, TEXAS" 


G. C. GESTER? anp H. J. HAWLEY3 
San Francisco, California 


ABSTRACT 


The Yates field, eastern Pecos County, Texas, is on the crest of a bifurcate domal 
fold developed in the Permian “‘Big lime.”” Subsurface folding in the Permian rocks is 
reflected by a similar anticlinal feature in the surface Comanche limestones. This dome, 
on the southwest margin of the Saline Basin geosyncline of West Texas, is a marginal 
fold on the general line of folding which extends through Upton and Crane counties. 
Production is from porous limestones near the top of the ‘Big lime.”’ The prolific pro- 
duction of oil is, in large part, due to the high degree of porosity of the limestones under 
the influence of high hydrostatic pressure of the water immediately beneath the oil. 


INTRODUCTION 


The Yates field has now been sufficiently developed to demonstrate 
that it must be considered one of the major oil pools of the world. This 
oil field not only is great in the areal extent of the productive leases but 
is unique in prolific initial production from shallow depth. 

The greater part of the proved area is held in large parcels by the 
major producers. Because of this fortunate lease ownership, development 
has for the most part been conservative, with a fair spirit of mutual co- 
operation prevailing to prorate the output and to prevent damage to the 
productive formations by unwise recovery methods. This co-operative 
spirit will, the writers believe, be reflected in an enormously increased 
recovery of oil per acre and in a prolonged life for this pool. Had these 
leases been held in small parcels by operators who had only personal inter- 
ests, a mad scramble for the oil would have resulted, with, it is probably 
safe to say, one of the worst periods of overproduction ever experienced 
in the history of the oil industry. 

The object of the writers is to present a résumé of the salient features 
of the geology and the conditions of accumulation of oil in this field. The 
data utilized in the preparation of this paper represent the work of the 
geological staff of The California Company, The mapping of the surface 


* Manuscript received by the editor, November 26, 1928. 
2 Chief geologist, Standard Oil Company of California. 
3 Geologist, The California Company. 
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geology was done by The California Company geologists under the field 
supervision of Fred S. Wright. The descriptions of the stratigraphy as 
revealed from a study of the well cuttings are mainly the work of Lon D. 
Cartwright, Jr., and John Emery Adams. The interpretation of sub- 
surface structure is, in large part, that of George L. Klingaman and Earle 
R. Wall. However, the writers wish to acknowledge their indebtedness to 
all those geologists and those operators who, by furnishing well logs and 
well samples, have contributed data for the paper. 


HISTORY OF DISCOVERY 

Oil was discovered in the Yates field by the Mid-Kansas Oil and Gas- 
Transcontinental Oil Company’s Yates No. 1-A. It is located in Sec. 343, 
Block 194, Pecos County, and was drilled into production in December, 
1926, at a depth of 1,004 feet. The well was credited with an initial produc- 
tion of 350 barrels per day from that depth. The discovery of oil in this 
locality created considerable excitement, and immediately a rapid de- 
velopment began and continued until some time after the proration agree- 
ment among the operators of the Yates field was put into effect. To date, 
November 1, 1928, there have been 270 productive wells completed.’ 


LOCATION 


The Yates field is in northeastern Pecos County, Texas, with the 
extreme easterly edge of the productive limits extending across Pecos 
River into Crockett County. 

The nearest railroad is the K. C. M. & O. Railroad. The principal 
towns are Rankin and McCamey. Good, graded dirt roads connect the 
field with these supply points. Secondary roads also lead from the field to 
connect with the Old Spanish Trail Highway on the southwest. 

Up to October 1, 1928, the productive area comprised approximately 
15,800 acres? extending in a belt 4 miles wide from Pecos River northwest- 
erly for a distance of 8 miles. 

TOPOGRAPHY 

The topographic expression within the Yates field is the result of 
stream erosion on the relatively low-dipping alternating hard limestone 
and shaly limestone beds of the surface Comanche rocks. The field is 
in the zone of erosion of Pecos River. The highest elevations are on the 
tops of the flat remnant mesas capped by hard lime beds, with the 
average highest elevations approximately 2,900 feet above sea-level. The 

« Subsequent note: On July r, 1929, 313 productive wells had been completed. 


2 Subsequent note: July 1, 1929, the productive area was 17,700 acres. 
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lowest elevations are in the alluvial filled valley of Pecos River, at ap- 
proximately 2,150 feet above sea-level. 

A characteristic feature of the topography is the presence of steep 
cliffs immediately below the cap of the highest mesas, some of these 
cliff-like faces being nearly 200 feet high. From the, foot of these steep 
cliffs, the slopes emerge in bench-like expression into the bottoms of 
the narrow valleys. Such topography of sharp valley relief is a reflection, 
also, of the structure of the Comanche strata. In general, the remnant 
mesas seem to occupy the Comanche structural “highs’’; hence, the 
drainage pattern gives some indication of the structure, in that the 
streams drain away from the “highs.” 


GEOLOGY 


The geological formations involved in the Yates field comprise the 
surface strata belonging to the Comanche Cretaceous overlying at shal- 
low depths Triassic ““Red-beds.” The Triassic unconformably overlies 
Permian beds consisting of alternating clastic sediments and anhydrite 
and of dolomitic limestones (the Permian ‘Big lime’’), Production is ob- 
tained in the dolomitic limestones. 

Surface mapping indicates that the Comanche Cretaceous strata have 
been folded into a large prominent domal structure overlying a more 
accentuated dome in the Permian rocks. This Permian structural “high” 
is on the southwest margin of the Saline Basin of West Texas. The 
general orientation of the elongate axis indicates that this field lies on the 
same general line of regional uplift, on this southwest margin, as the 
Crane County and the Upton County fields. 


SURFACE STRATIGRAPHY 


The surface rocks in the general area of the Yates field include strata 
of Comanche Cretaceous unconformably overlying a series of ““Red-beds” 
supposedly Triassic. No proved Permian outcrops have been mapped 
within the area. 

COMANCHE CRETACEOUS 

Almost the whole surface of the Yates field is composed of Comanche 
strata, the lowest beds of which are known locally as the “Basement 
sands’ —a basal sandstone of the Comanche for this part of Texas—lying 
unconformably on Triassic ‘‘Red-beds.”” This sand member is approxi- 
mately 300 feet in thickness, 

The “Basement sand” of the Yates field is very probably the equiva- 
lent of the Trinity sand; or, if not, it represents the basal member of the 
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Comanche series here deposited during the northerly encroachment of the 
Comanche sea over the irregular topography developed on the pre- 
Comanche land surface. 

Immediately above the ‘““Basement sand” a thin bed of hard yellow- 
ish-to-reddish-brown sandy limestone is present, with a rather uniform 
thickness ranging from 8 to ro feet in the Yates field and adjacent areas. 
Wherever the “Basement sand” crops out, this bed was found; hence, 
owing to its constant presence and uniform thickness, it was used as a 
horizon-marker for detail mapping of the surface structure. Because of 
its stratigraphical position overlying the “Basement sand”’ and litho- 
logical similarity with the Walnut clay of central Texas, this marker, for 
the present purpose, has been correlated with the type Walnut clay 
member. 

Above this Walnut clay follows an alternating series of gray-to-buff 
calcareous sandstone, argillaceous limestone, and calcareous shale attain- 
ing a maximum thickness of 560 feet. This series, for the purpose of 
geological structural mapping in this field, has been classed as undivided 
Georgetown, Edwards, and Comanche Peak limestones. Within this 
series certain horizons maintain persistent lithologic characteristics with 
sufficiently constant relations of intervals to serve as key horizons for 
structure mapping purposes. The surface structure map (Fig. 4) is based 
on elevations taken on these key beds reduced to the top of the ‘“Basement 
sand” as datum, 

TRIASSIC 

So few isolated exposures of the Triassic ‘““Red-beds”’ were found in the 
course of the field mapping that the description of this formation is re- 
served to the section on “Subsurface Stratigraphy.” 


PERMIAN 


No exposures of rocks certainly assignable to the Permian were found 
at the time this dome was mapped. It later developed, however, following 
the careful microscopic work done by John Emery Adams, that a part of 
the “Red-beds” which had been assigned to the Triassic may belong to the 
Permian. 

SUBSURFACE STRATIGRAPHY 

The following description of the subsurface stratigraphy of the Yates 
field, taken from a report by Lon D. Cartwright, Jr., and John Emery 
Adams, is the result of an intensive scientific study of well samples. 

Stratigraphic work in the Permian Basin of West Texas differs from that in 
other regions in that drillers’ logs are entirely inadequate; fossils, both micro- 
scopic and macroscopic, are almost of no service; and readily recognizable 
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stratigraphic units of any constancy are rare. Dependence for correlation is 
placed on comparative lithology determined by careful examination of drill 
cuttings collected at close intervals. The study of the higher formations is con- 
siderably handicapped by the practice of most operators, especially in proved 
fields, of collecting samples of the lower part of the hole only. It has been 
possible in the Yates field, however, by examining the available complete and 
partial sets of samples, to interpret the stratigraphy. The staggered course of 
the two cross sections presented (Figs. 6 and 7) is due to the necessity of includ- 
ing wells from which the most complete sample sets could be obtained. 

Formations representing three systems, Comanche, Triassic, and Permian, 
are encountered in the wells of the Yates field. All three are exposed in the 
general area. Comanche beds extend to depths ranging from 100 to 800 feet, 
the great differences in thickness being due to the irregular topography. They 
are underlain by a series of beds ordinarily about 100 feet thick which are as- 
signed to the Triassic. Beneath these lies the Permian system, of unknown 
total thickness, which is penetrated in the field to depths ranging from 850 to 
goo feet. The lower limit of penetration, within the productive limits of this 
field, has been arbitrarily fixed by agreement among the oil operators as 225 
feet of the “Big lime.” In addition to these formations, river sands and gravel 
cover the area on both sides of Pecos River and occur in the upper part of some 
of the wells. 

The unconformity at the base of the Comanche is not sharply marked in 
the Yates field proper. Evidently the Comanche sea advanced from the south 
over an almost level surface. The Triassic has a rather uniform thickness in 
most of the field, but at the northern edge increases to 200 feet, and away from 
the field in that direction attains an even greater thickness. It was laid down 
as a terrestrial deposit over a gently-rolling post-Permian terrane, and the un- 
conformity between it and the Permian is no more marked by irregularity than 
that between the Comanche and the Triassic. 


COMANCHE 


The Comanche beds in the Yates field area comprise two distinct units, an 
upper limestone and a lower sandstone and shale series. ‘The limestone varies 
in color from white to gray and yellow. It is commonly fossiliferous, silicified 
in places, and sandy in the lower part. There is in many places a sandy and 
argillaceous zone about 200 feet above the Basement sand. No attempt has been 
made to divide the limestones in the wells. Thicknesses as great as 550 feet are 
penetrated, depending upon the location of the wells with respect to topography. 

The sandstone and shale series is correlated with the Basement sand, which 
is the lowermost formation of the Comanche in West Texas. It ranges from 
300 to 325 feet in thickness, which is greater than in other parts of the West 
‘Texas region, and is approximately divisible into an upper part consisting mainly 
of sandstone and less gray shale and a lower part consisting of gray shale with 
less sandstone and a little red shale. Both divisions contain a few beds of lime- 
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ston». It is possible that the upper is the ‘‘Basal sandstone” of Adkins! and the 
lower his ““Basalmost Comanche (probably Trinity division).”’ Most of the wells 
encounter several water sands in the upper division and one in the lower. Gas 
and oil showings have been found in some wells, and the Gulf-Yates No. 8 
produced some heavy oil, supposedly from this zone. 

The sandstones of the Basement sand are white, yellow, brown, and gray, 
and range from fine to coarse and in places pebbly, with indication of a moderate 
degree of sorting. The grains are predominantly quartz, with a little chert, and 
range in shape from subangular to round, with the subround and round grains 
most plentiful. Calcareous matter is the most common cement, although the 
sandstones are ordinarily friable. The shales are light to dark gray in color, 
commonly finely sandy, and many exhibit colloidal properties. Foraminifera 
and fossil fragments can be washed from them, distinguishing them from the 
gray shales of the Triassic below. 


TRIASSIC 


Below the fossiliferous gray shales of the Comanche and above the anhydrite 
of the Permian, is a formation of heterogeneous composition which, because of 
its stratigraphic position and lithologic character, is correlated with the Triassic 
beds of adjacent areas. This formation is rather uniformly 1oo feet thick on 
the crest of the structure, as indicated in the cross sections, and consists of 
quartz and chert gravels, red and gray non-fossiliferous shales, and a little lime- 
stone, dolomite, and gypsum. Much of the limestone and dolomite occurs as 
pebbles. 

PERMIAN 

The Permian section penetrated in wells in this part of the basin is generally 
divided into two parts, an upper evaporite and red-bed series, and a lower 
dolomitic limestone known as the “Big lime.” The carbonate rocks of the “Big 
lime” are variously described as dolomites, dolomitic limestones, and magnesian 
limestones. They effervesce slowly in cold, dilute hydrochloric acid, and are 
totally consumed, except for impurities, when the acid is heated. 

The Anhydrite series—In the Yates field the upper division is known as the 
“Anhydrite series,” and ranges in thickness from 650 to 750 feet. It consists of 
anhydrite, with much fine gray, green, brown, and red sandstone, and varying 
lesser amounts of gray and tan dolomite, red and gray shale, and around the 
margins of the field, salt. The beds of this part of the Permian are in general 
very lenticular, but there are several units in the Anhydrite series which have 
a rather uniform thickness and stratigraphic position. The most prominent of 
these is a 50-foot bed of sandstone here named the “Yates sand.’ 


« W. S. Adkins, ‘The Geology and Mineral Resources of the Fort Stockton Quad- 
rangle,” Univ. of Texas Bull. 2738 (1927), Pp. 5°- 

2 This formation has been described before a meeting of geologists and discussed as 
the “Smith sand.” As this name was found to be preoccupied, the name ‘Yates sand” 
is adopted. 


488 G. C. GESTER AND H. J. HAWLEY 


The top of the Yates sand occurs from too to 150 feet below the top of the 
Anhydrite series, and from 500 to 550 feet above the top of the “Brown lime,” 
the topmost member of the “Big lime”’ in this field. Toward the edges and away 
from the dome the intervals both above and below the Yates sand increase, as 
shown in the cross sections. Its position, away from Be edges of the field, is 
immediately below the upper salt series. 

The Yates sand is practically identical lithologically with the other Permian 
sands of the Yates field area. It is a fine-grained, gray, drab, or oil-browned 
quartzose sandstone, with anhydritic or dolomitic cement. It characteristically 
contains conspicuous, coarse, rounded, frosted quartz grains. Thin beds of gray 
shale, red shale, and dolomite are commonly associated with it. Oil and gas 
showings have been encountered in a great many wells in it, and salt water in a 
few. Its principal distinctive features are its stratigraphical position and its 
coarse frosted quartz grains. 

That part of the Anhydrite series ranging from roo to 150 feet in thickness 
overlying the Yates sand in the field consists of beds of anhydrite and gypsum 
with some dolomite, which enclose a fairly uniform layer of red shale. Toward 
the edges of the field this interval thickens, and salt beds appear in the section. 
Traced toward the north and east, these salts thicken and grade into the Upper 
Salt series of the Permian Basin. Between the Yates sand and the “Brown 
lime,” the Anhydrite series consists principally of anhydrite, and contains some 
thin lenses of fine sandstone, similar to the Yates sand but with fewer coarse, 
frosted quartz grains. These sandstone lenses become thicker and more numer- 
ous near the base of the Anhydrite series. Interbedded with the anhydrite and 
sandstone are some thin lenses and pockets of dolomite, as mentioned in the 
description of cores from The California Company’s Tippett 1-2-1, and a little 
red and gray shale. 

The “Big lime.”’—Beneath the Anhydrite series in this part of the basin is a 
group of beds commonly referred to as the “Big lime.”’ The “Big lime” of the 
Yates field is divided by most geologists into a thin upper member known as the 
“Brown lime” and a lower member of undetermined thickness known as the 
“Gray lime.”’ Sample examination shows that there is a threefold division of 
the ‘Big lime” series in this locality, or, more concisely, two main divis- 
ions, the upper one of which is divided into two phases. The upper main 
division is the “Sandy lime,” ranging from roo to 125 feet in thickness, the 
topmost 30 feet of which is very sandy and characteristically browned with oil. 
This 30-foot member is the “Brown lime” of common usage. The lower main 
division is the “Pure lime,” a non-sandy phase which has been penetrated 
for 100 or more feet in the Yates field. Many of the wells show a bentonite bed 
which is a fairly definite marker at the top of the ‘Pure lime” or in the base of 
the “Sandy lime.”” The ‘Sandy lime” is thicker in wells at the eastern extremity 
of the field, but sufficient samples have not been saved to define it there. The 
“Pure lime”’ is not shown in logs from this part of the field, either because the 
penetration has not been sufficient or because samples of the deeper parts were 
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Character 


Anhydrite with small irregular pockets of gray and tan 
dolomite, and fine green sandstone 


Very fine sandy brown dolomite 


Anhydrite with 10 per cent shaly green sandstone and 
traces of tan dolomite 


\ 


Fine green friable non-micaceous sandstone with thin 
beds of anhydrite containing some sandstone and 
undulating, tissue-thin, dolomite laminae. One 5-inch 
bed of sandstone contains plentiful coarse frosted 
quartz grains 

Anhydrite with small irregularly bedded pockets of fine 
green sandstone grading down into intergrown masses 
of anhydrite and sandstone in equal amounts 


Fine green sandstone 


Anhydrite with ro per cent sandstone in pockets which 
break across bedding rather than parallel it 


Brown dolomite with inclusions of anhydrite grading 
down to anhydrite with vertical pockets of dolomite 


No recovery 


Anhydrite with undulating leaves of gray dolomite and 
vertical inclusions of fine gray sandstone in lower part 


Fine green sandstone with few lenses of anhydrite 
Anhydrite with green pyritic shale at base 

Anhydrite with inclusions of tan dolomite, sandy at base 
Bluish-green sandy shale 


Anhydrite with 20 per cent sandstone in upper 1 foot 
and lenses of gray and tan dolomite below 


Anhydrite with pockets of green sandstone and tan and 
gray dolomite 

Highly porous, green and gray dolomite with anhydrite 
inclusions 


Fibrous anhydrite with fibers developed normal to the 
dolomite contacts 


Porous brown and green dolomite. Top of the “Brown 
lime”’ 

Fine, platy, brown and gray sandstone with several thin 
beds of dolomite 

Dense gray sandy dolomite 

Porous gray granular dolomite 

Platy to massive gray and brown sandstone; shaly from 
1,298 to 1,301 and micaceous from 1,303 to 1,306 

Dense gray and brown dolomite 

Fine brown’ micaceous sandstone with 3-inch bed of 
dense gray dolomite 

Finely porous white dolomite 

Fine green sandstone 


Gray, slightly porous dolomite, with plentiful pyrite 
crystals commonly occurring in narrow bands paral- 
leling bedding 


Fic. 3.—Graphical description of material recovered by coring in The California 
Company’s Tippett Well No. 1-2-1, Sec. 2, D. F. Robertson Survey. Depths in feet. 
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not saved. The ‘“‘Gray lime” includes the lower part of the “Sandy lime” and 
the “Pure lime.” 

The “Big lime” series of the Yates field consists of brown, drab, and gray 
dolomitic limestones, with some fine-grained, brown, drab, and gray sandstones 
in its upper division. The lithology of the dolomitic limestone as seen in drill 
cuttings seems about the same for all divisions, and cores taken so far are all 
from the upper or “Sandy lime.” The undulating banded texture of some of the 
dense cores suggests that the material was deposited as a limy mud. Pre- 
solidification flowage is shown by the distortion of the fine black lines along the 
laminae. In texture the rock ranges from this fine mud type to coarsely granular 
and odlitic. Porosity occurs in the form of irregular solution cavities as large as 
vo inch in diameter, and in some places 4 inch or more. These cavities are seen 
in some cores to form layers parallel to the bedding, and some are lined with 
dolomite crystals. In the granular phases there are very minute interstitial voids 
which also constitute porosity. 

The original colors of the dolomitic limestone seem to have been light drab 
and light to medium-dark gray. Where rocks of the lighter colors have been 
permeated with oil, they are now brown. Few signs of fossils are to be observed 
in the drill-cuttings, but the cores show that some parts of the rock are distinctly 
fossiliferous and that other parts are barren. The forms are poorly preserved, 
but most of them seem to be small mollusks. A few ostracods and fusulinids 
have been detected in the cuttings by the writers, and it is reported that 
fusulinas have been identified in some fragments. 

The sandstones of the Permian section are remarkably uniform from the 
lower part of the “Big lime” up through the Anhydrite series. They are char- 
acteristically very fine-textured and very well sorted, the grains ranging from 
i'y to g millimeter in diameter. A few sandstones both above and below the 
top of the “Brown lime” are even finer, with grains of sy millimeter. The grains 
are subangular in outline, but a few show considerable attrition and some frost- 
ing. In the Yates sand there are commonly well-rounded and frosted grains 
with an average diameter of 1% millimeter, which probably represent an ad- 
mixture of eolian sand. These are also found lower in the section, but less 
characteristically. 

The composition of the sands is fairly uniform throughout, with the excep- 
tion of differences in the content of white mica, which is found in some sands 
both above and below the top of the “Brown lime.” Quartz is the most plentiful 
mineral, constituting more than 95 per cent of the grains. Dark-colored silicates 
of the heavy-mineral class comprise as much as 2 per cent of the grains. Pyrite 
is common in all the Permian sands, occurring both as a cement and as free 
crystals. 

The top of the “Brown lime” is the horizon generally accepted for correla- 
tion. It may be defined as the first dolomitic limestone beneath the anhydrite 
in the western part of the field, and its depositional equivalent in the eastern 
part of the field. In the western part of the field—that is, in Section 35 and 
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west—the top of the “Brown lime” coincides with the base of the lowest an- 
hydrite in the Anhydrite series. In the eastern part of the field there is more 
sand in the lower part of the Anhydrite series, and in some wells the anhydrite 
does not extend down to the top of the “Brown lime” but is separated from it 
by an intervening bed of sandstone, identical with that occurring in the An- 
hydrite series above and the “Sandy lime.’ An examination of the interval to 
the top of the Yates sand and with adjacent wells in which the Anhydrite does 
extend to the top of the “lime’’ shows that this intervening sandstone is a part 
of the Anhydrite series and not of the ‘‘Brown lime.” 

In the California Smith No. 3-35-11, shown in cross section B-B’, the 
anhydrite extends down to the top of the “Brown lime”’ but is interbedded with 
much sandstone in the lowest 25 feet. In the California Yates No. 13, 1,000 feet 
away, the base of the anhydrite is 25 feet above the top of the “Brown lime” 
and is separated from it by sandstone without interbedded anhydrite. An excel- 
lent correlation is established between these two wells based on the top of the 
Yates sand, the red shale above it, the prominent sand beds in the lower part of 
the Anhydrite series, and the top of the dolomite. This correlation shows that 
the 25 feet of sandstone and anhydrite immediately above the “Brown lime” 
in the Smith well is represented by the 25 feet of sandstone in the Yates well, 
and the base of the anhydrite varies by 25 feet. 

In the Mid-Kansas Yates B-22, shown on cross section A—A’ (Fig. 6), the 
base of the main anhydrite column is 125 feet above the top of the ‘Brown lime,” 
and anhydrite forms only 6 per cent of the interval to the “Brown lime.”’ In the 
Mid-Kansas Yates A-15, 600 feet south of B-22, the main anhydrite column 
extends down to within 30 feet of the top of the “Brown lime,” with only about 
ro per cent anhydrite occurring in the samples below it. If deposition of sand 
had gone a step farther at these two locations and no anhydrite had been de- 
posited in the sands immediately above the “Brown lime,” the base of the 
anhydrite would have differed stratigraphically by 95 feet. The Mid-Kansas 
G-1 and G-2 are examples of such complete replacement of the anhydrite by 
sandstone. In them 78 feet and 85 feet, respectively, of sandstone occur between 
the base of the anhydrite and the top of the “Brown lime.” 

A set of cable-tool cores was taken in The California Company’s Tippett 
No. 1-2-1 at the northwest edge of the field from 80 feet above the top of the 
“Brown lime” to almost 40 feet below the top. These cores give a very good 
conception of this part of the stratigraphic section. Figure 3 is a graphic repre- 
sentation with accompanying descriptions. 


STRATIGRAPHIC OCCURRENCE OF OIL AND GAS 
Oil and gas are produced from the “Big lime,” and, in some parts of the 
field, from the sands and dolomitic limestones in the Anhydrite series immediate- 
ly above it. The top of the commercially productive zone is not a uniform 
horizon but ranges from 100 feet above the top of the “Brown lime” to 100 or 
more feet below it. This irregularity is well shown in cross section A-A’ (Fig. 5). 
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California Yates No. 9 had a showing of oil approximately 90 feet above the 
top of the “Brown lime’”’ but did not reach commercial production until it was 
40 feet below the top. California Yates No. 10 and No. 15, offset wells, got 
commercial production 80 to go feet above the top of the ‘““Brown lime” in the 
zone where No. 9 got its showing, and have not yet been drilled to the top of the 
“Brown lime.”’ Similar, although less striking, variatidns are shown in many 
of the other wells in both cross sections. Commercial production in the An- 
hydrite series is limited to the eastern part of the field, the area in which it oc- 
curs practically coinciding with that in which there is much sandstone in the 
lower Anhydrite series. Most of the production of the field is from the highly 
porous dolomitic limestones of the ‘‘Sandy lime” and ‘“‘Pure lime” series. Show- 
ings of oil and gas range through the Anhydrite series and into the Comanche. 
They are commonly found in the Yates sand and in the Triassic. It is possible 
that shallow production may be obtained from these zones when their develop- 
ment is justified. 
DEPOSITION OF THE PERMIAN 


The “Big lime” series is shown by its fossil content to be a deposit of 
normal marine waters. The overlying Anhydrite series is a desiccated sea de- 
posit, which evidently lies conformably upon the shallow-water “Brown lime’”’ 
phase of the “Big lime” series. Evidently normal, open-sea conditions existed 
in “Big lime” time, with a shallowing at its close during the deposition of the 
“Brown lime.”’ During this shallowing, a barrier was raised which partly cut 
off the West Texas basin from the main ocean. Desiccation followed, with ac- 
companying deposition of evaporites. Conditions were not static, and lenses of 
dolomite were deposited locally in the anhydrite. 

Detritus from a constant source was being supplied the basin of deposition 
almost continuously from “Sandy lime” time through the deposition of the 
Anhydrite series. The supply was not affected by the change in composition 
of the sea water; therefore, the sandstones throughout this part of the Permian 
are of very similar lithology. Some of the clastics were laid down under oxidiz- 
ing conditions, or were supplied in an oxidized state, and preserved as red beds. 
Part of the sands not now red may have been that color when originally de- 
posited and have subsequently been reduced by hydrocarbons and accompany- 
ing hydrogen sulphide gas. The Yates sand is an example of this, for its correla- 
tive off the structure is normally red sandstone. 

The area of the Yates field was probably a positive segment throughout 
Permian time, and remained high topographically. Thus a thinner evaporite 
and clastic section was deposited on it, while a thicker section containing many 
salt beds was deposited in the surrounding low areas. 


SURFACE STRUCTURE 


Detailed geological mapping in the area of the Yates field demon- 
strates that the Comanche strata have been folded from the original 
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attitude of deposition into a domal anticlinal fold by forces active during 
Comanche and post-Comanche time. The structural contour map (Fig. 
4), which is largely the work of geologists of The California Company 
under the field supervision of Fred S, Wright, depicts the general nature 
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of the structure developed in these Comanche rocks. Elevations were de- 
termined on key horizons, and these were reduced to the topmost bed of 
the Basement sand as the datum on which the structural contours were 
drawn. Measurements of the intervals between this datum plane and the 
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key horizons at points within the area detailed indicate by variations in 
the intervals that some slight folding of these Comanche strata was pro- 
gressive during Comanche time. 

The salient structural feature (Fig. 4) is that of a domal anticline 
with the elongate axis extending generally northwest and southeast. The 
highest point of uplift is a small cross-folded, more-accentuated local 
dome, in the extreme west part of Scrap Section 344. From this local 
“high,” a secondary anticlinal axis, less pronounced than the main 
northwest-trending axis, passes westerly through the north part of 
Sections 23, 24, and 25 and terminates in a local “high” with approxi- 
mately 30 feet of closure in the south part of Section 26. On these two 
main axes, local “highs” are indicated by the elevations obtained. 

The northeast flank of this surface fold is marked by a nearly uniform 
N. 60° W. strike with a northeast dip as steep as 4°. This uniformity of 
strike persists on this northeast flank from Pecos River in Sections 61 
and 62, Block 1, H and GN, northwesterly through the Runnels County 
School Land Block into the northeast part of Section 40, Block 194. In 
this Section 4o, the northwest plunge of the main axis is notable. South- 
west of this main axis, a northwest-plunging syncline, starting in the 
north half of Section 27, Block 194, extends through Section 37 and be- 
comes more prominent in Section 39, separating the main axis from the 
subsidiary axis on the south. South of this secondary uplift, a very pro- 
nounced syncline has been mapped through Sections 16, 17, 21, and sey 
Block 194. This syncline is evidently closed, with the deepest part located 
in Section 21. The east side of the structure is defined by low easterly 
inclinations with some minor crenulations. 


SUBSURFACE STRUCTURE 


The accompanying map (Fig. 5) depicts, by the use of contours drawn 
on the top of the “Brown lime” as datum, the probable subsurface struc- 
ture, This contour map indicates the presence of a domal fold in the 
Permian “Big lime”? comparable with, but more accentuated than, the 
surface structure in the surface Comanche rocks. The Yates dome is a 
marginal fold on the southwest flank of the geosynclinal Saline Basin 
of West Texas and is evidently the southeasternmost “closed” fold on that 
same line of regional anticlinal uplift traceable northwest through the 
Crane County and the Upton County fields. The forces causing folds on 
this margin of the Saline Basin were evidently operative from the south- 
west; and it is certain that there is a correlative relation between the 
formation and development of ‘this geosyncline, the Marathon fold, 
and the marginal lines of folds through Pecos, Crane, and Upton counties. 
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The Yates fold is an elongate eccentric dome with major axis oriented 
northwest and southeast. The highest area of uplift is a local dome de- 
veloped on the major axis located mainly in the western part of Section 
342, the northeast part of Section 33, and the south part of Section 34, 
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Block 194. This “high” marks the bifurcation of the major and minor 
structural axes. Northwest from this area the axial area maintains a 
rather uniform elevation with minor crenulations, as far as the southwest 
part of the Runnels County School Land block, whence the axis trends 
more westerly, plunging more sharply west into Section 39, Block 194. 
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Southeast of this highest crest of the fold, a sharply folded anticlinal nose 
flanked on both the northeast and the southwest by sharp plunging 
synclines, plunges steeply southeast and marks the southeast termination 
of the Yates dome. 

The minor axis branches off from the major domal axis in the extreme 
south part of Section 33 and seems to trend westerly through the central 
parts of Sections 32 and 23, Block 194. This secondary axis has been out- 
lined only by a few wells; and this axis can be more closely delineated only 
by future developments (see Addenda). 

The northeast and east flanks of this Yates fold are marked by a steep 
inclination of the “Brown lime,” especially below the 1,250-foot structural 
contour, at least as far northeast as Allsman and Bell’s River Bed Well 
No. 11. The structural interpretation shown in Figure 4 indicates a dip 
of approximately 450 feet to the mile along this flank. On the southwest 
flank, the dip is much less, being about too feet or less to the mile, In- 
sufficient data preclude the definition of the south flank of the structure 
south of the minor east-west axis (see Addenda). 

It is evident that the folding apparent in the surface Comanche strata 
is a reflection of folding of the Permian “Big lime.” The major elongate 
axis of the dome in the subsurface rocks almost coincides with the position 
of the surface axis. The subsurface structure, however, is much more 
accentuated. It is, therefore, evident that the forces which caused the 
folding of the “Big lime” continued active during the Permian after the 
formation of the “Brown lime”’; and, again in Comanche and post-Coman- 
che, these caused the recurrence of uplift along the same axes. 

Studies of subsurface conditions to date do not reveal evidences of 
faulting of any appreciable magnitude. But further developments may 
indicate some evidence of minor faulting, or fracturing, to admit of an 
explanation of the anomalous indications and even production of oil and 
gas from horizons above the main productive zones in the Permian “Big 
lime,” as well as certain seemingly erratic structural conditions. 


RELATION OF ACCUMULATION TO STRUCTURE 


The accumulation of oil in the Yates field is evidently due to the 
presence of a domal fold in the Permian “Big lime,” which fold has un- 
interrupted drainage from the synclinal basin on the northeast, The oil 
and gas have accumulated and have been reservoired in porous zones 
of the limestone. The porosity has very probably been the result of solu- 
tion by acid waters. There is considerable variation in porosity, ranging 
from conditions that are almost capillary to conditions that are assumed 
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to be almost cavernous. Likewise, it is evident that there is wide vertical 
range as well as horizontal extent in the development of this porosity, 
for it has been demonstrated by the behavior of wells that the porosity 
is not parallel with the planes of stratification. Results of drilling in- 
dicate that sufficient oil has been stored in these porous zones to extend 
the probable productive beds approximately 350 feet structurally below 
the highest part of the fold. The results of drilling of wells low structurally 
on the flanks of this fold lead to the belief that the limit of production will 
closely approach the position of the 1,050-foot structural contour. 

The inference from the behavior of edge wells in this field is that this 
body of oil is probably resting directly upon connate waters. There are 
evidently no impervious strata separating the oil from the water. How- 
ever, the variation in the extent of porosity may eventually be an im- 
portant factor in the behavior of water production. 

The controlling factor in the prolific production of oil from the wells 
drilled into these reservoir rocks is the hydrostatic head with the gas of 
minor importance as an expulsive force. Generally, on the higher parts 
of the dome varying quantities of gas are encountered in sandstones, or 
within the limestones, above the oil. A few wells low on this fold have 
likewise found some gas. 


ADDENDA‘ 
SUBSURFACE STRUCTURE 


Since November, 1928, when the manuscript for this article was sub- 
mitted to the editor, additional wells which have been drilled in this field 
and in the immediately surrounding area, especially west and south of the 
productive area, have contributed data which define more closely the 
southern flank of this Yates dome. Recently completed wells in Sections 
15, 16, 17, 21, and 22, Block 194, indicate the presence of a steep dip on 
the south flank of the Yates dome analogous to that on the northeast 
flank. Likewise, developments have tended to accentuate the minor axis 
of this structure and it is quite possible that this east-west trending axis 
may be a reflection and continuation of the Fort Stockton “high” (Fig. 1). 
If this proves true, it may be said that the Yates dome is located at the 
intersection of the east-west trending Fort Stockton “high” with the 
northwest-southeast line of folding which passes through Crane, Upton, 
and Crockett counties into Pecos County. 


1 July, 1929. 
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ABSTRACT 


The Big Lake oil pool, located in the southwest corner of Reagan County, Texas, 
and opened by the discovery well in the Texon zone on May 28, 1923, was the first 
major oil field found in what is known as the “‘West Texas” district. The remarkable 
producing capabilities of its wells greatly stimulated geologic investigation and intense 
wildcat drilling throughout West Texas and southeast New Mexico. This has resulted 
in opening several prolific oil pools in a region formerly not considered seriously in 
estimates of our future petroleum reserves. 

Four distinct oil zones have been developed in the field. Two, the Shallow and 
Texon, seem to belong in the Choza member of the Clear Fork formation, Permian in 
age. The Third and Fourth have been developed in the deep well (University 1-B) of 
the Texon Oil and Land Company at depths of 6,284-99 feet, and 8,520~-25 feet, in 
probably the Strawn and the basal part of the Bend, respectively, both formations being 
Pennsylvanian in age, with the probability that the deeper zone is pre-Pennsylvanian. 
This well not only possesses an exceptional record for sustained rate of increase of daily 
oil production from the Fourth zone after drilling operations had ceased, but it is also 
the deepest oil-producing well in the world and the deepest boring ever drilled for any 
purpose. The well opened this Fourth oil zone on December 1, after the manuscript for 
the original paper had been submitted, on November 11, 1928, for publication; but a 
description of the well’s producing activity and character of the oil from this deep zone 
is given in an Appendix under date of January 31, 1920. 

The pool is closely related to a low anticlinal dome in the surface beds (Comanche), 
that is a reflection of a much more pronounced dome in the Upper salt beds (Permian) 
and a dome of still greater amplitude in the Texon discovery oil zone (Permian). 

The pools in both the Shallow and Texon zones are encircled by edge water, thus 
conforming to the applications of the ‘‘anticlinal theory” of oil and gas accumulation. 
It is believed that the pool in the Texon zone has been trapped while the oil was migrat- 
ing laterally up the dip from the west and northwest, and that the character of the oil 
and gas in the Shallow sand suggests they may have migrated upward from the Texon 
zone pool along the plane of the fault immediately on the east side of the dome. F urther, 
it suggests that the source material of the oil and gas in the Texon zone is indigenous 
to the dolomitic limes of the Permian. 

Up to October 1, 1928, the total production of the field was 36,238,451 barrels of 
oil—3 5,210,344 from the Texon zone and 1,028,107 from the Shallow sand, or 97.16 per 
cent and 2.64 per cent, respectively, of the total from the field. 

Many new wells remain to be drilled to develop fully the proved leases for the 
Texon, Third, and Fourth zones. 


INTRODUCTION 


The Big Lake pool is an excellent example of oil and gas accumulation 
in water-bearing zones on structure of anticlinal or domal type. It cor- 

* Presented by title before the Association at the Tulsa meeting, March 26, 1927. 
Manuscript received by the editor, November 11, 1928. 

* Chief geologist, Transcontinental Oil Company. 
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roborates in a remarkable manner the “anticlinal theory of oil and gas 
accumulation” first promulgated for practical application by I. C. White? 
in 1882 and published in 1885. 

The pool (Fig. 1) is in the southwestern corner of Reagan County, 
Texas, on the Kansas City, Mexico, and Orient Railway, 15 miles west of 
the town of Big Lake and go miles west of San Angelo. . 

In the early stages of its development (April, 1926), it was described 
by Sellards and Patton? in a paper based on a microscopic and mineralogic 
examination of more than a thousand samples of drill cuttings from wells 
in the pool and adjacent region. Sellards and Patton’s paper, which also 
contains information on the geologic conditions associated with the pool 
and the physical structure of the Texon “‘sand,” or discovery oil zone, has 
been drawn upon freely by the writer of the present article. 

Assistance has been rendered by R. J. Metcalf, P. M. Buttermore, 
and T. W. Leach, of the geologic staff of the Transcontinental Oil Com- 
pany. Acknowledgments for well logs and production data are also due 
the officials and employees of both the Big Lake Oil Company and the 
Texon Oil and Land Company. 


HISTORY 


The Texon Oil and Land Company drilled the discovery well of the 
Big Lake pool, north of the present town of Texon (Fig. 6), on a solid 
block of land (68 sections, or 43,520 acres) owned in fee by the University 
of Texas. Later (October, 1923), the Big Lake Oil Company arranged with 
the Texon Oil and Land Company for the acquisition of 16 sections in this 
block, on which the Big Lake Oil Company now has its production. These 
two companies are the only operators in the Big Lake pool. 

After drilling operations had been carried on for approximately two 
years by the Texon Oil and Land Company, the discovery well suddenly 
“blew in” on May 28, 1923, from a depth of 3,028 feet, flowing oil over 
the top of the derrick. The well was carrying water at the time from a 
zone higher in the hole, and all efforts to case off this water and put the 
well in good producing condition failed. In spite of this handicap the 
well flowed 75~80 barrels of oil daily, and shortly afterward, when put to 
pumping, made a daily average of 150 barrels of oil for several months, 
together with 8-10 barrels of water. This feature, together with the 
geologic structure of the immediate locality, as indicated by the Creta- 


rI. C. White, Science, Vol. 5 (1885), pp. 521-22. 
2K. H. Sellards and Leroy T. Patton, ‘“The Subsurface Geology of the Big Lake 
Oil Field,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 10 (1926), pp. 365-81. 
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ceous surface beds, strongly indicated that it was an edge well of a major 
oil pool and, on the recommendations of the writer, led to the acquisition 
of the 16 sections previously mentioned. At the time, the nearest test 
well that had been drilled for oil and gas to the horizon of the Big Lake 
lime was 28 miles away, and the nearest producing oil pool was the 
“Westbrook,” of Mitchell County (Fig. 1), approximately 90 miles 
distant. For this reason little was known of the subsurface structural 
conditions of the Permian in Reagan and northern Crockett counties. 
The only structural information available for the Permian strata was the 
strong probability that the known, pronounced, northeast-southwest- 
trending structural terrace, in the surface (Cretaceous) beds, reflected 
more pronounced folding in the deeper Permian strata necessary to form 
the trap that the discovery well, by its producing capabilities, indicated 
was present. 

Development followed rapidly by the two companies, and on March 1, 
1925; there were 17 producing oil wells, from the Texon zone, with a daily 
production of 11,500 barrels. By January 1, 1926, there were 74 wells, 
making a total of 32,317 barrels daily. The peak, or highest single day’s 
production for the pool, was 40,939 barrels, attained on August 31, 1925. 
On October 1, 1928, its daily production was 14,407 barrels. 


PHYSIOGRAPHY 


The whole of Reagan County is included within the Edwards Plateau 
province of Texas. At the site of the Big Lake oil pool, the surface presents 
a comparatively flat plain sloping gently northward from an elevation of 
approximately 2,750 feet above sea-level at the south edge of the pool to 
2,660 feet at the north edge. This feature makes the construction of high- 
ways for drayage of material to wells from Texon (Fig. 6) comparatively 
inexpensive. Immediately south of the pool the surface is broken by a 
prominent northwest-facing escarpment (Fig. 3) of Edwards and younger 
limestone ledges, Comanche in age. The summit of this escarpment is 
more than 2,850 feet above sea-level. Drainage is toward the north and 
northeast into the waters of Middle Concho River. 


STRATIGRAPHY 
The thickness and character of the sediments of the Comanche, 
Triassic, and Permian systems in the Big Lake field have been so thor- 
oughly described by Sellards and Patton* that they are not discussed 
here. Instead, a well log, typical of the formations encountered in drilling 


1 Op. cit., pp. 368-77. 
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wells in the pool, is given (Table I). The log selected is that of the Big 
Lake Oil Company’s University 137, in the northeast edge of the pool, 
Sec. 24, Block 9 (Fig. 6), inasmuch as it shows not only the horizons of 
both the Shallow and the Texon oil zones but also the Upper, Middle, 
and Lower salt beds (Fig. 2) in typical development, together with a 
clear definition of the top of the Big Lake lime. The log, as reported by 
the driller, with the exception of some additions in parentheses by the 
writer, is classified in harmony with the results shown in cross section 
(Fig. 2). 
LOG OF DEEPEST WELL IN THE WORLD! 

Through the courtesy of Frank T. Pickrell, president of the Texon Oil 
and Land Company, the detailed log of the deepest well in the world is 
given in this paper. This is Well 18 of the cross section (Fig. 2 and 
Table III). Its location is shown on Figure 6. In presenting the log of this 
well for publication, Mr. Pickrell explained that the well was not being 
drilled with the idea of making a record for depth, but rather for explora- 
tion purposes for oil horizons below the Texon zone. He said, further, 
that the well would be drilled as deep as possible, or until water was en- 
countered or a bad fishing job caused them to stop. It will then be 
plugged back and the well made to produce, if possible, from the Third 
oil zone encountered at 6,284 feet, discussed on a subsequent page. This 
well produced oil from both the Shallow sand and the Texon zone. Later 
it was decided to make a deep test here. Its casing record is as follows: 
152-inch—769 feet; 123-inch—1,820 feet; 10}-inch—2,443 feet; 81-inch— 
2,454 feet; 63-inch—3,080 feet; and 5,3,;-inch—6,184 feet. Its elevation 
is 2,734 feet above sea-level. 

At its present drilling depth (8,407 feet on October 30, 1928), there 
are 2,223 feet of open hole below the last string of casing. From the 
“pay” encountered at 6,284 feet, the hole filled several hundred feet with 
oil, This “pay” has continued to keep several hundred feet of oil in the 
hole as additional depth was attained, thus making it difficult to determine 
whether lower formations were petroliferous. Its log, with formations 
classified to top of Wichita-Albany, in harmony with the cross section 
(Fig. 2), and with some additions in parentheses, is shown in Table IL. 

In the log (Table IT) the writer has tentatively placed the base of the 
Wichita-Albany (basal member of the Permian) at 4,860 feet, on the prob- 
ability that the sandy phase from 4,605 to 4,860 feet, with oil showings, 
may represent the water-bearing sandy zone shown near the base of the 


*See Appendix, pp. 533-41, for description of Fourth oil zone developed later in 
this well. 
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TABLE I 


Type WE Lt Loc, Bic Lake FIELD 


Big Lake Oil Company’s University 137. Drilling commenced, February 1, 026; 
and completed, March 20, 1928. Casing record: 154-inch—451 feet, 11 inches; 123- 
inch—673 feet, 4 inches; 10-inch—1,077 feet; 84-inch—z2,569 feet; 63-inch—2,736 feet; 
54%;-inch—2,892 feet, 10 inches. Elevation, derrick floor, 2,669 feet above sea-level. 
March 23, 1928, pumped 8s barrels oil, first 18 hours; 40 barrels, second 24 hours. 


Total Intervals 
’ Feet Feet 
CoMANCHE (LOWER CRETACEOUS) (345 feet) 
Edwards and Comanche Peak limestone 
SUTLACEISOU circta cence emir oo. errr necro ae eR 30 
TIM EC SAMY arcane crete gk ters oh ee a ee ee 125 
ATC Be Srl StN etait Rats cis hing we eee anny ae eae 200 200 
Basement sands (145 feet) 
Sand =—Wiglenae etic ate on ae ee ee 280 
Red OC eta adc ee eae Stee niga ace ee eee 310 
Eat eae. Ae EM eA AE, Getic Oe ay Nt ieee 335 
512106 Perantcon Reems LGN Rate, Mie ir a, Se Boake ae 345 145 
TRIASSIC (350 feet) Y 
Reditock sai ck. ae egcte tira ron eie Shee ee ees 350 
SLOG et eae OMe needa Semeeertee Sen Rae 360 
NE UTING Bots eka etehtes amas ants he cs © ache nae! 385 
SANG TEC ce Sorters As aan hat aaa tar os ee errr ee 410 
IREGRTOCK Stes. creat a Aes he oe eee ee 405 
SANG Ole Of Wace en 405 
RedmOCK seg are Creed rote ark Banc aaa, Coe ee ne 530 
DANCE acme trae cece ore ie crea eee Oe 560 
Red mockssandy ise aati cd Ree eee ena 590 
METH G Ss Fo rere atic as cae tee eet Ain ee 600 
RECT OCG Siete are te gn ee A rse OR ek ae one 650 
Redrock san dyin tet ein on eee ie cre pe ee 684 
SED 100 ea] ee Rea oe, POP pain ae AL 700 350 
PERMIAN (2,270 feet) 
Double Mountain formation (1,635 feet) 
Interval (378 feet) 
Redrock sandyasae sia: eee eee 850 
Shellssandired: rockerects a ieian stent yee nee goo 
Red rock srt ne kee atta eee cine are ae eae 1,020 
Dare Ween tes Ae te GS be Ola bata te & 1,030 
ISeTalip Corel ehatelave es on cck Gavan pass 1,045 
IRCoksi Cael gece aban aan. a nits Abn tense hie aol ay 1,073 
LUBj Ne oC ara rh a a SiG Si PVN ete ie 4 ete 4 1,078 378 
beet salt beds (567 feet) 
Sais deve sabe NON NC? ces ct Sget eh sh ic] Pea ea 1,510 
Lime (anhydrite) Sateen 1,530 
RT Oe lic pepo ARE Aer lee eG 1,6 6 
EAR (360 feet) Lane ae 
Redsiockeshs nay seus athena «ieee 1,670 
Lime (anhydrite)bandisalting senior 1,730 
Red. rOGK Ae oor rea cat te ene ee 1,740 
Ermex (Qnty cite) nem nine: eee eee ee 1,760 
Reditdckwrs = sete av heer hcle cap ee eae 1,805 
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TABLE I—Continued 


Total Intervals 
Feet eet 

Interval—Continued 

etmek (Quy dite) pens crrng ames se orssepe is Sera conan 1,820 

PREASTOCK EP PEy Ren sinks Has ciN Ts ate theo cece en teehee 6S 1,830 

Parner anbuy cite) meeweeresy tet wlacraeraes thy ate alot seks 2 1,855 

Reda Oc Kepermerrrettisttcats mre Sass cei aA Se aan eae 1,805 

Wired (Git cd rite) ea wevers enc. aah Se slneireeen conse oe 1,960 

Redgiockmmmetrrte dry. itid aaron atsss.c0 8 Sota oe aes 1,970 

Heiimes (any drite) eerie iy Woche teers ete eae Se 1,990 

IRE IOXO Eo, Sicko oly ns MERON ee an ele eae 1,995 

Niriera x (amy, GL Ce) ate par cesy, te ives Rates hehe woes ee 2,005 360 
Middle salt beds (330 feet) 

Sa Ey RE Vien tole caw Rilgn ci bioacw at ee 2,110 

WimerCmhy dite egret tee ics oudupaton le naaloa sen 2,120 

Salt ree titty a areca dantta mannii oa nara ta 2,180 

ines brokens (any drite) inca. acue scene ae ce eeu Dy PONS) 

Sal Cape MMT neo ts ace Wait hig. sharpen. cust ches cickes* 2,200 

Wires (any arite) eaaeretiaksps sol ier eiacas eens maie 2,270 

IReGitOC Kamae tics strains heads srettioneb tie cee ae 2,280 

SAIC ee Meg eee ost choca Be nao A MS Sa hake betaaee 25365 330 

Clear Fork formation (635 feet) 

Choza member (635 feet) 

Terme nsanGye au bydrite) yamecnnc acces ee cle eine cen 2,300 

Redsrockmsan dyer. ty tae ooh oma aed tastes oe 25370 

Wimensangya anhydnte)as asses sae een ese 2,400 

IRECHTOCKMRSANG Wi Mea army oir tiehacein hoc rae ates oe eee 2,405 

ies (@niay drite) Gas arenes eee ices wate sees wale nce 2,480 

TRE CETOC RIOR ra aT sae xl Recent hy So ert. coe wed ee he 2,485 

Herne y (ariiiy Gate) seyey eee kare teens ey choles Sar aa ale 2,490 

Sand, red—water, 5 feet 

Gypsum and lime, 2 feet } (Shallow oil zone).......... 2,505 

Sand, red, 8 feet 

IREGEROCKMSSUCiyantaa ter. emer s fst slapenoiaisiqertnteMee nioks 2,515 

Shirai NIG. 1.4 ae Ra GetO ino Reason rao Senet or 2,520 

ECRCOG KSAT GC Wetton ay neerainnioe otra asi ain ences ati nse yer ae 2,575 

Neimen (anny dite) eitecniee cot auicay tae eeacia mee o oote 2,585 

Vimersandya(anhydrite) ic. cas. 7. aaeamn denna ose 2,595 

iaral steals, Gaivahyas 5 u.crateatinc Meda eae mete en On acne 2,630 

Sand, red, [nei gol Aka Recs wens PR RactccetL ccna aren, cence 2,655 

Lime. (anhydrite) SERRE Mes a Orca ne Cr pn Seen 2,665 

Sand ehec ela Cumin cate wees ccert aN leyoke, enectarre trays 2,670 

Sand, red (probably water-bearing, not recorded)..... 2,605 

Lime (Gynltyichites\s Sheet cee. pew Gee Geer ea noite 2,711 376 

Salt, ; 19 feet 

pha sandy (anhydrite), ee mt (Lower salt beds)... 2,840 129 

Anhydrite, 25 feet 

eimen(bicwluakesinne) an em sere ores ss denen adtrescie ec 2,938 98 

Oil “sand,” 2 feet 

Lime, 13 feet } (Texon oil pay zone)............ 2,959 

Oil “sand,” 6 feet 

ECAC eR A sie ete ie io os ore eer Unie 2,965 

A(Sand?’—Warer) 2005-70 Leet... 04.0% anes cueseneoes 2,970 32 
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TABLE II 


Loc or DEEPEST WELL IN THE WoRLD, TEXON Ort AND LAND ComPANY’S 
UNIVERSITY 1-B 


, Total Feet | Intervals Feet 


COMANCHE CRETACEOUS (480 feet) 


Surfacesyellowie visser oe ee av oe ae ace se) 
Shellsie sane se cota sees: Slee een eR ee 60 
Gumbo eyert nse season hee ias- tere ee en nee tae 100 
Lime shardMbliczaacty eterno ea ee Tee eee 150 
Gime Softw white. 5 sece cme cok cinco Creat teritiont 300 
ENON m0 7 date Mine tacoma ence ap Ce ate Gays BAG See 375 
Sandyandmeditocks broke ney errr erate rere aes 480 480 
TRIASSIC (340 feet) 
Sand eredmockabroke nen: steer tat ane 510 
Redirockyica vane ee ca. Merk: teint eee oro eee 548 
Said 10 OL eranae chy ae telecom ocean OT ee ee 565 
Sandsandamey © Anno kts eee er ee 650 
IREGSTOCSHRE AS vex: lal ncickcu oR EC oe ee 700 
Shaleysand vaste ras 8 eka aoe es ree a eee 720 240 
PERMIAN (4,595 feet) 
Double Mountain formation (1,570 feet) 
Sand—water (4 barrels per hour).................... 765 
IRCCTOCK 25 fin) ah aor epee tiee. OA neh ewes ne Sa 825 
Sand——waten| (4ubatkels;per hour) aja eeeee eee 840 
Redsro ch Were tisie to 4 icrse ere ey te ee 1,050 
TATA HE tie te Saeko eth a ac ee eer ks ete 1,070 
Redrock eau: testes cre teen tai een eater ee eee T,.0rO 
Sal te (Uppen) awe anccyton cue eee ere eae ane eee eee 1,655 
Redmrockicavin o” .\s7- nos suey Shy every et Gee ee 1,720 
imed(anhiydrite\ vay. a en eee mera ee 1,728 
Salt pape a ckehe sores snsy een oa ke Dey gee 1,740 
Reditrockgand chellse queen eee 2,080 
Redkrocktandrsaltc(\Viiddle eee ere ee ene ee 2,290 1,570 
Clear Fork formation (1,100 feet) 

Seva susel chil Mevencsncosenes ooo obo gdb auesedancsse 2,360 
Time (anhydrite) eee eee eee ener ae eee 2,380 
Sandrandired rock ueets i i ire ee are renee aes 2,425 
REDSTOCK SR Mats go RAL ah, ieee ee ne oa 2,440 
Sand, red, tro feet 

Sand, hard, 12 feet } (Shallow oil zone).............. 2,480 
Sand, red, 18 feet 


(400,000 cubic feet of gas at 2,461 feet; oil showing, 
2,404 feet; oil, 2,460 feet) 


Samasre diets sein ays ae csek he cit ee eee ee 2575 
OLE Peo ates She eee toh 5 hous oe oc 2,580 
SHALE K aeencarpencne's, aden in, Slreuah cle ke ee meee 2,590 
SAMA CCMIE eve tae seeps cence eae ee 2,600 
Shellshsandyse 6a. vcs wignce eet ee eee 2,630 
Ivedicocktan ditsanidl srry ont m ete ene ea ene 2,650 
Reed nochia cms o8 signs scoy na ea he een are 2,665 
Lbpbants: (GhaloyWobaNs. 5 ny Gosh ba douccoci sous aanackeie. 2,670 
bp roayss, AMLHY (EnaloRabted) <4 oc agadoonoecancons ues. 2,682 
eimre Fort tyaya once de eee eet eee 2,700 
Shales sandy ems onecnt ee 2,710 


5S) 10) Cea a nr ne eee SMe MDA Gs 2,726 
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Total Feet 


Intervals Feet 


Clear Fork formation—Continued 
pe (anhydrite) paren wetecse eo asi ie oh us aacinelaceu 


Heimex(anhyarite) pee tices cece sree aves eee es 
WimerandesanGdare iste cnc er sy os tere Risks ce ne 


Lime (Big Lake)—gas, at 2,900-2,910 feet........... 
Sandsand lime = aspen err ae aoc cies fees oe keee 
IIMS MDROK Ene eM ay Lee srakarets aad teal ta clogaccas ches OR AER 
Sand,shells¥andishaten.. chek aaa hn os a Oe oe 
Lime, sandy—Second oi/ “pay,” Texon.............. 
Sale msaticl yep eres neds cae rvitiese rerad ols nara Seyetae eh 
Shale, UETH ISS 5, 3, db Stoke pO OO Ree RR Ra OR Son nee oe ee 


AiMesSnelismbroKeneer ya erence stars Oeste vio scene 
eiivepiiand MoTa Vener rex tri cies sales Geese o tieaeicncm opera 
AC LING OLA VERMA NRE occ ke Asia s See ae renime Ween ane 
SIME MAT Cer OLAV eset cre hele set iavsl i bateiomy ae soume eel 
1 STS oSyutcie Os SAO SICICR CRT OM NCR GRC Ia Monee 


Shale A So Wo Gave. c die a OS ee ee ce 
ee ee ER tte, AY cs Prorat evestontic Lestat ee apne 
letnremblackemsa nd yaneee yee. coho here. sot ce gc sromneeesys 
Sand—water BP I eRe cn Mae hans ltn, watentte Soa es 


Sand, IV ROhe 5s. © c. SRW RIO cect ee ne a ERE 3 
SS) EERE 4 Mies Bho OHS Na eee eee Se 


IU, ANGI) oc nogcca aaah aoe Coon Oem chnc cam eEee OS 
Shalemsang Vammreeer ni itso ate tbh etn taeda 
Lime bla chit oo edb sti ene Ee Senet cate aon Nan tere Gerace 


Shale PO eee el EM oa Oe A ote ee hors jars 


2,740 
2,760 
2,765 
2,779 
2,820 
2,840 
2,850 
2,900 
2,920 
2,950 
2,980 
3,020 
3,050 
3,070 
3,095 
3,148 
3,105 
3,190 
3,290 
3,300 
3,310 
3,349 
3,360 
3,370 
35375 
3,390 


3,395 
3,400 
3,410 
3,420 
3,470 
3,482 
3,513 
3,545 
3,560 
3,610 
3,654 
3,690 
3,710 
3,718 
3,730 
3,766 
3,778 
3,788 
3,834 
3,882 
3,910 
3,918 
4,216 
4,230 
4,505 
4,515 


560 


540 
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Total Feet 
Wichita-Albany formation—Continued 

ale ec. cee i yas ee Oe ne eee . 45545 
Sarid As re caterer aries, chet inca eter een Aer ee ts 4,554 
Shaléxsandyemeeren. clas a rien alae ae Wee 4,590 
bo) ear 3 ean Eateries Ree tor toes cote eZ 4,595 
SAN ——O7 "SLO W111 arcane ere oe ee ea ae ee see 4,621 
Shalemcan divsweraacc Ae Soles cs tee noe noRsaadekne Sere 4,761 
SANG 00) SHOWIN Ora eeme es Cora une ee eee ee 4,766 
shaleés‘sandyeon Anise Cabin Snot oe tee ae Ae 4,860 

PENNSYLVANIAN? 
Undifferentiated (3,665 feet) 

Sale gear ea Menasha: cera cara poe nl eee ene eae 4,985 
Lbiss2t oo rae OTOL toot en eee Ret eee reser hein, 8c cites 4,993 
oe Cie. RG ation Meee mec macro or ienriaene 2 ois Gee 5315 
Gime Pha kPa ae nee ohcein avt ans gees ncn a ene ee 5,490 
Mimes era ye hand ien sxe aca cee creates eA eS Oe 5,570 
PMONS TAY Sameera Ua SA oe cca Nave etre ae see Mees sine ee 5,620 
WimeN bla Ck saepim. wats case eiencra eo clr ieee eee 5,660 
imeverayrhiardan cctest nce tate ce eae ie 5,680 
Db inocKee aah ene on SR, ecicncs emcn Reey ae Ree em e 53725 
Dime sla Ck Sree cre cece et EON age Bano siahay Saree 5,760 

TOC la oaks RS RE ee eR EMOTE Re RAO cn A nm Oe 5,820 
Tein; acir dl hee a eect eee Caleta Wa eer 5,860 
ime phardseraye wah aeen.c aren a te ne an me 5,900 

LITO cat Cen eat hee Sh on, ts Sy cee, At weed, ne Ac ph ees era 5,940 
LAME, COL Moray gree eo a AAOM, cern 1s 4 cpt eee , 000 

LING Leos eee A ier A EY a as RSS Se BS 6,040 
LTO Ny BTay oe ache her ae Nh ae EG ee ee 6,075 
Shaleblaciieamers. sor ooene ey yee ere ene a 6,130 
Times orayecsand yarn stan toon ecto ee 6,140 
Rimes bla cloner a8 anh. aceon pitin aetna eee ee ae 6,160 
ILsiaees, InewRel lolevel’s, @unGl GIES |. ech a cngec ceenaeadece 6,200 
Shale. blacksyandicand aways rere eee 6,250 
ULime ns cray Ope hid ern a\crer nna eee 6,284 
Sand—oil showing, and gas (Third).................. 6,209 
Shells ibroken;and shale blacks: sso ae eee 6,315 
Shalerandisanvdigye omce sete ss heel ces fete ks ge oer 6,320 
SAL SEE, OMe msek ence ait Ae care ones meee tee 6,330 
Himes black piers onc 6.0 ener ee a ee 6,340 

Hales arian cis. Ry eels ate aststh jinee ha ae Oy ene 6,350 
Limes shal ésand shells). rte teee ane ere eee 6,365 
Limeshard yotayae-yiec es worace emote ie eee 6,400 

LINE Meats Saar ane 2a ek eRe ak ane Mae lee eae Ue 6,425 
Time hard sg va yiosnectcn tae 8 ieee Ran ony amen ae 6,441 

LI Og tie Meio ecraeate he eteais ane Eee eee 6,473 
DRT ITY Ke a ROAM Memmi RRS Chek ot 6,483 
(Gime san dvgrnrss.c. ees ece reat cee tee ee 6,528 
UAIAG AT SHALOM 7.5.0.0 sade tare we eee 6,558 
Taine ee Ae RP in hc eae ee ee 6,576 
IjlaaQes \VEKSNe, IIRC CENNGYS | oe ey naucgodouucudscua: 6,585 
Shells sma rceaiteg eck cet esa cotan ce Merwe my pacienin nO 6,730 
Sale blacker ants eel tea eet | to eee 6,785 
inde DIAC mesher ners: « cee von ee eC ten aie ee 6,800 
ps) 04:3 (ho) Xo ee ee Re ee Gehan Ss s5 hen. 6,815 


Intervals Feet 


1,470 


1,424 
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TABLE II1—Continued 


Total Feet | Intervals Feet 
Undifferentiated—Continued 
Eimesblackmhard aden ata ca tence nn noe at ee 6,820 
Iiabenye Vv DL lepine l.) Sheg acetates choco o Skane ceo meet eee 6,825 
Shalembla cCKmmemnernrter more ciate soe dormers + 6,840 
Inuneishellphardyiblackendmuet cee cite ¢ atkiesenib eid ncn: 6,845 
ime sorayasanGy. eMeusuuay ae sect eccieece aie 6,860 
RII SDA CK eR iiss ok esta rencae «eho cee aaFens 6,885 
eimenblackanardiy ences. ores stank Gaus cece ae ate 6,805 
lbthareSssenverobiihol, ENG Ses ee anmaans eco ono oper o 6,945 
Lime, black, harder than ordinary............i-...- 6,955 
Wein ew imei la Chace meee. steers eterna rede e aein ee 6,985 
Mesias orl on lo ac Keetewewane etysere alge sarge se -ocercan ee wataey aces 7,005 
Shalegblackesontenmpeacciscncte ta ect as cuedncemn ae cave 7,220 
Neime mb lackahard pecs cae ee na ttes ex ncocnemy cir cuties t 7,230 
Slate iplacksmeciuiniaw pup biaccttats mie wish sar bei 7,250 
Wimerblackeenardinsiys cette, co sern caters. we = Sra sta nets 7, 275 
Mimesshellphardiblack 2cc ihe tee on oss bea a mawter on 7,290 
Warmer blacksaveryabardinry woke Slee clus sukivepensisucyelete ts 7,545 
Wimenplack sextuag arden can e¥toccce: s)sinicte, Sradeaste arenes 7,580 
deimie shards blackeane rite oules cee che sess eee 7,590 
[eign em nar hee taVrnednb icra sisi «ct Sapo slot. van inice kien ege ars 7,660 
Wimemhardei place ysand ys me oleae ool ole ete emo 7,670 
imenbards Dlackeeon a: <n veces ohne tons: sortie e 7,685 
Dumewhardeiplack scandy sain cy arciasemamin ieee 7,820 
eine mbardeblac lowercase) megs aeons oe: 8,180 
Slaten Diackmememneaterre venta ryareae Sama as eis bee aeinctte 8,225 
imesblackiwmrery vane mck ee. scleral anda pions 8,245 
zine aplackephat deers cer mnpist Pastis arte heed ara 8,273 
ETE MO TAV AM TA ee <toe eteese ries et sites eer la 8,281 
Et itS VEVOIS, ook bol ae pam io nator ahs Ae or ane ana e ren h 8,285 
Wbydale eRe se isce Dho ove ie, 0 Oss oS ROE tere OR Pee Oe Ta 8,290 
eras Ween te te he! Bee od ee ke 8, 308 
Hermie Dla Cope rater ex sac = cleasowees Sebo e saps eyes erate a sclete 8,324 
Lime, hardeablack ser ace cick aces a cekcus steric iare 8,335 
Terie MOL AC Kemer ete iets ce Msn omnia sacra arse he me 8,337 
Mitnaeys fea, A ike Piclg resi hao EN Dl Gan eC DICe act cry oe 8,340 
Lime, Park (‘‘flowed 80 barrels oil from upper eae Oe 8,343 
Lime, LUC MeN her ice nr share eo come ais cac ottaes 8,407 
ILpiaS A NRVSS. 3S 6 cowcaos een na oa dor 0 coe om icra 8,480 
Lime, DLA CKABSAILG Var cutnrn area eemisced arate cient cere Uire 8,482 
Lime, black, sandy—ozl and gas... .....2..+-:-+++:: 8,490 
Lime, gray, hard, sandy—oil and gas................ 8,516 
Lime ‘shell, Lill cel"e agree aks ine ee REN as 8,520 
“Sand? —big gas and oil “pay” (Fourth oil zone) ..... 8,525 2,241 


Wichita-Albany in Wells 1-6, inclusive, of the cross section (Fig. 2). 
The sand, or Third oil zone of the Big Lake field, at 6,284-99 feet, prob- 
ably belongs in the Strawn (Pennsylvanian). Below 6,730 feet, black shale 
and black lime predominate and may represent the Bend formation (Penn- 
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sylvanian) as classified by Plummer and Moore’ for north-central Texas, 
The bottom of the hole is believed to be in pre-Pennsylvanian rocks.? 


DISCUSSION OF CROSS SECTION (FIG. 2) 


Much controversy exists among geologists familiar with the stratig- 
raphy of West Texas, as to the correlation of the Big Lake lime, 50-100 
feet below the top of which occurs the Texon “discovery” oil zone of the 
Big Lake pool. Some contend that it belongs in the Double Mountain 
formation (Permian in age), while others are inclined to its inclusion in 
the Clear Fork (Permian). The writer favors the latter conclusion largely 
because of the evidence presented in the cross section (Fig. 2). 

In making this cross section, the detailed logs of 19 wells were used. 
These wells are numbered serially from 1 to 19, inclusive, westward to the 
Big Lake pool. The same set of serial numbers is used to designate the 
wells in Figures 1 and 2. The list of wells (Table III) accompanying the 
cross section (Fig. 2) has the same serial numbers to designate the wells, 
and gives their ownership, names, and location in order. 

By referring to Figures 1 and 2, it will be noticed that Wells 1 and 2, 
in eastern Tom Green County, are located on the outcropping edges of 
the Clear Fork formation where the latter has been recognized and de- 
fined; and that the contact line between the Clear Fork and the imme- 
diately overlying San Angelo formation (basal member of the Double 
Mountain) passes between Wells 2 and 3, thus facilitating accurate de- 
termination of the position of the base of the Double Mountain in Well 3. 
In Well 1, the Vale formation (basal member of the Clear Fork) is defi- 
nitely recognized, thus accurately fixing in it the position of the top of the 
Wichita-Albany formation. By using the water-bearing sandy zone shown 
near the base of the Wichita-Albany (Fig. 2) as one of the aids in correla- 
tion, it is believed that the top of the latter is correctly placed in Wells 
1~7, inclusive, and likewise the base of the San Angelo formation. 

"Frederick B. Plummer and Raymond C. Moore, “Stratigraphy of North- 
Central Texas,” Univ. of Texas Bull. 2132 (June 5, 1921), Table I, facing p. 22. 


2F. A. Bush, paleontologist for the Sinclair Oil and Gas Company, at Tulsa, 
Oklahoma, reports finding very primitive Fuszlinid forms in the cuttings from this 
well (University 1-B) from 5,700 to 6,500 feet, or Triticites, sp., that strongly indicate 
beds of Pennsylvanian age. In the Suggs No. 1 well of the Signal Oil Company, re- 
cently completed in northern Irion County (Fig. 1), he also reports characteristic 
marine fossils as plentiful in the cuttings from the Wichita-Albany, and, because of 
this evidence, places the top of the latter at a depth of 1,855 feet in the Suggs well, and 
the base of the San Angelo (Double Mountain) at a depth of 1,370 feet, or at practically 
the same interval below the base of the Upper salt as shown for Wells 8 and 9 of the 
cross section (Fig. 2). 
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TABLE III 
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List or WELLS USED IN Cross SECTION (FIG. 2) 


(Serial numbers for wells same as used in Figures 1 and 2) 


Serial 
No. 


Company 


Well | 


Location 


TOM GREEN COUNTY 


1 | Fitzgerald and Talliferro| Bennett 1 Cent. SW. 4, Sec. 1628, Behringer 
Survey 
eee WeeVlanlandt cesses Johnson 1 Cent. SW. }, Sec. 6, R. B. Sander- 
son Survey 
3 | Fannin Oil Company Harris i Sec: 170; W. C. Ro Re Co. el 
4 | World Oil Company....} Pulliam Sec. 18, Block 4, H. & T. Ry. 
Survey 
5 | Penn and Windsor...... Turner Sec. 60, Block Galel, we A (Cs MA 
Survey 
STERLING COUNTY 
6 | Kanawah-Angelo....... Clark 1 Sec. 6, Block A, G. C. & S. F. Ry. 
Co. Survey 
Ge WMO)WOAN DSS dtc eeepc Durham 1 SW. 4, Sec. 18, Block 12, T. & P. 
Survey 
Sices je Waightsman:. ......- F. G. Howard 2 | Sec. 2, Block A, G. C. & S. F. Sur- 
vey 
9 | C. J. Wrightsman (Fidel- 
ity Oil Company). ...| Geo. R. Hull Survey 6, Block A, G. C. & S. F. 
Survey 
REAGAN COUNTY 
to | Texas Company........ Suggs 2 Cent. Sec. 87, Block 2,T. & P. Ry. 
Co. Survey 
tr | Simms Oil Company....]} Sawyer well Sec. 12, S. A. Glass Survey 
1D, NAO e & eae Ge 6 Siolbo Gators Tally 1 Cent. NE. He SoG, Gy Cra Oaea Seis 
Ry. Co. Survey 
13. | Gulf Production Com- 
DAILY eee eceseateege= ci University 1 Sec. 28, Block 58 
sit, WW ABRAM Sinc on soto ne a ae University 1 SW. cor., SE. 4, Sec. 5, Block 9 
15 | Crockett Drilling Syndi- 
CAlC ae rere Gane e University 1 NW. cor., SW. 4, Sec. 9, Block 9 
16 | Pilot Oil Company..... University 1 NW. of SW., Sec. 11, Block 9 
17 | Big Lake Oil Company. . University 1 SW. cor., Sec. 24, Block 9 
oe ele ae Oil and Land Com- 


California Oil Company. 


University 1-B 
University 1 


NW. cor., SW. 4 Sec. 36, Block 9 
NW. cor., NE. 3, Sec. 13, Block 8 
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After the completion of Figures 1 and 2, it was found in comparing 
the log of Well 6 with the log of Well 65 of Plate 14, accompanying 
Bulletin 780-B of the U. S. Geological Survey, that Hoots" tentatively 
places the base of the Double Mountain formation approximately 430 
feet higher in the rock column than shown on Figure 2. This last-men- 
tioned well is located only 3 or 4 miles southwestward from Well 6. In 
other words, Hoots places the base of the Double Mountain at approxi- 
mately the position that the base of the Upper salt beds (Fig. 2) should 
occupy. Should his correlation be correct, then it will be readily seen, in 
the face of the evidence presented by Wells 7-19, inclusive, how much 
more difficult it is to include the Big Lake lime in the Double Mountain 
formation. 

By reversing the process and working eastward from the Big Lake 
dome, where the position of the top of the Big Lake lime in the rock col- 
umn is definitely known regardless of its age, it will readily be observed 
(Fig. 2) that the Permian sediments immediately overlying the lime in 
question, up to the base of the Triassic, carry three very important 
markers for correlation purposes. These are the Upper, Middle, and 
Lower salt beds. The last mentioned, in the Big Lake pool, immediately 
overlie the Big Lake lime. The three salt beds in question are easily 
recognized in the wells from No. 19 eastward to and including No. w2y 
and the base of the Upper salt bed eastward from Well ro to Well 6. The 
cross section, therefore, indicates that the base of the San Angelo forma- 
tion is closely correlated with the base of the Middle salt beds. 

A rather pronounced anticlinal nose, based on subsurface data in wells 
drilled for oil and gas, extends northwestward to and beyond Sterling 
City from the area a short distance north of San Angelo. This structural 
feature plunges northwestward. Wells 4-7, inclusive, are located on this 
anticlinal fold. It is seen on the cross section (Fig. 2), that the four wells 
last mentioned carry showings of oil and water immediately below the 
top of what has been correlated as the “Big Lake lime” and as the “Texon 
oil zone.” 

A careful consideration of the foregoing data indicates very strongly 
that this petroliferous horizon, in the wells last mentioned, is to be 
correlated with the Texon discovery oil zone in the Big Lake pool, and 
that both the oil-producing zones of the Big Lake pool belong in the 
Choza division of the Clear Fork and have been so classified at the left 
margin of the cross section (Fig. 2). 


*H. W. Hoots, ‘Geology of a Part of Western Texas and Southeastern New 
Mexico,” op. cit. (1925). 
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In this part of the state it is difficult to obtain, from well cuttings of 
either the Double Mountain or the Clear Fork sediments, reliable fossil 
evidence for age determination. Besides, many of the wells between the 
Big Lake pool and the outcrop of the contact between the Clear Fork and 
Wichita-Albany formations were drilled several years ago when such care 
as now prevails for the West Texas region was not taken in the description 
of formations and collection of well cuttings for study. The classification, 
as tentatively shown on the cross section (Fig. 2), has been made entirely 
from a study and comparison of the logs of the wells exhibited thereon, 
many of which fail to differentiate between anhydrite and limestone and 
it is submitted for what it may be worth as an aid in determining the 
facts until more carefully kept logs become available from wells in the 
region between eastern Tom Green County and the Big Lake pool. It 
may be significant that the Big Lake lime is dolomitic in character and 
that the Choza division of the Clear Fork, at its eastern outcrop, carries 
several dolomitic beds. 

UNCONFORMITIES 

Two marked unconformities, and probably a third, local in extent, 
are present in the strata of Reagan County between the surface and the 
horizon of the Texon zone. 

The first, in descending order, is very pronounced and occurs at the 
contact of the Comanche and the Triassic (Fig. 2). 

The second is at the contact of the Triassic and the Double Mountain 
formation (Fig. 2). Because of the marked similarity of the sediments 
both in color and general physical appearance, as revealed in the cuttings 
from wells, it is very difficult to place the contact of the Triassic and the 
Double Mountain. In the cross section (Fig. 2), its position is substan- 
tially correct. 

The third is at the contact of the Lower salt beds (Fig. 2) with the Bi 
Lake lime. The presence of an unconformity immediately over the Big 
Lake lime is indicated by the non-uniform thickness of the salt bed in 
question, with its associated anhydrite, in wells drilled within the oil 
pool, this thickness ranging from almost nothing to more than roo feet. 
It may be local for the Big Lake dome. 


CONDITIONS OF DEPOSITION 


From the prevalence of salt beds and anhydrite in the Permian, from 
the base of the Triassic down to the top of the Big Lake lime, in Reagan 
and several other West Texas counties, it is quite evident that the deposi- 
tion of this part of the rock column took place in an inland sea in the 
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West Texas region during Permian time—a sea whose southwest com- 
munication with the ocean had been cut off. This outlet to the sea was 
evidently open during deposition of the Big Lake lime and underlying 
beds down to the present depth (8,407 feet) in Well 18 (Figs. 1 and 2). 


‘ 


COMPETENCY OF BEDS 


With the exception of the Triassic, Double Mountain, and the upper 
half of the Clear Fork beds, which are softer and weaker material, the 
sediments at the Big Lake pool contain many heavy limestones and dolo- 
mitic beds capable of offering strong resistance to thrust forces, either of 
tangential or vertical type. This is especially true for the Wichita- 
Albany and the lower half of the Clear Fork formations. No evidence, 
thus far, has been found of buckling or thrust faulting on the east flank of 
the Permian basin of West Texas. 


STRUCTURE 
REGIONAL AND LOCAL FOLDING 

A broad, but comparatively low, structural basin is present in the 
West Texas area, usually referred to as the “Permian basin.”’ That this 
syncline exists has been proved by the wide distribution of great thick- 
nesses of salt and anhydrite which must have occupied the lowest parts of 
the basin. The Permian beds east of the High Plains area have a regional 
west dip of 30-35 feet to the mile; and those west of the High Plains dip 
eastward at a slightly more rapid rate, or 4o feet, as near as can be de- 
termined from data revealed in well logs. 

The Big Lake dome is on the southeastern slope of this great structural 
basin. This slope is interrupted at intervals by northwestward-plunging 
anticlinal noses. Subsurface data from wells indicate that the Big Lake 
dome is a local structural feature on one of these northwest-plunging 
anticlines, whose axis evidently passes through both the World pool of 
Crockett County (Fig. 1) and the Big Lake dome. 


DETAILED STRUCTURE ON SURFACE (CRETACEOUS) BEDS (FIG. 3) 


The structural attitude of the surface beds, Comanche (Lower Cre- 
taceous) in age, at the Big Lake pool, reflects only in a slight way the sub- 
surface anticline last mentioned. It does show, however, the presence of 
a low dome with a marked northeast-southwest elongation. 

Figure 3, in addition to showing the approximate limits of the Big 
Lake pool, gives contours of the elevation above sea-level of the top of a 
“key rock” in the surface beds (Cretaceous). This key bed is a limestone, 
ranging from 5 to ro feet in thickness, that is found 20-30 feet down ina 
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soft, white, very fossiliferous and marly division of the Cretaceous limes. 
This marly division, ranging from 150 to 175 feet in thickness, is imme- 
diately overlain by a heavy limestone, 25-50 feet in thickness, that is 
known throughout Reagan, Crockett, and Pecos counties as the “cap 
rock.” The base of this marly division was encountered in the Big Lake 
Oil Company’s Well No. 3 at a depth of 35 feet. This is important in that 
it makes possible a definite determination of the interval from the top of 
the key bed down to the top of the Basement sands on the immediate site 
of the Big Lake pool where surface beds are concealed. This interval 
was found to be 430 feet, and it was used at wells for contour purposes. 

Southward from the Edwards limestone escarpment (Fig. 3), eleva- 
tions of the key bed where determined by plane-table survey during 1923 
by K. H. de Cousser under the supervision of A. M. Hagan and the writer. 
Northward from this escarpment, its elevation was found by adding its 
interval (430 feet) to the elevation of the top of the Basement sands, as 
revealed in the logs of the many wells drilled in the Big Lake pool and the 
adjacent region. 

If the low regional southeast dip (10-15 feet to the mile) of the Cre- 
taceous is considered, this dome, closely related to the Big Lake pool, 
with a closure of approximately 30 feet, is a pronounced reflection of the 
subsurface dome in the underlying Permian beds. It has its greatest 
elongation northeast and southwest; but on its south half, at the site of 
the Big Lake pool, there is evidence of northwest-southeast elongation. 


SUBSURFACE STRUCTURE 


Contours on anhydrite bed in Upper salt beds (F ig. 4).—Figure 4, in 
addition to exhibiting the approximate area of the Big Lake pool, gives 
contours showing the elevation of the top of an anhydrite bed, 20-40 feet 
in thickness, that belongs approximately 4oo feet down in the big or 
Upper salt beds (Fig. 2) and generally 1oo-125 feet above the base of the 
same salt beds. In determining the structural attitude of these salt beds, 
it was found much more practicable to use this anhydrite stratum rather 
than the top of the salt, for the reason that it is everywhere present and 
much more easily recognized by drillers in southwestern Reagan County 
than the exact top of the Upper salt series, Figure 4 embraces a con- 
siderable area surrounding the Big Lake pool; and on it the elevation of 
the key rock is shown, not only from data revealed by wells within the 
pool but also by wells in the surrounding region. Outside the pool, figures 
associated with dry holes and preceded by a plus sign, give the elevation 
above sea-level for the key rock. 
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Fic. 4.—Subsurface structure at Big Lake, contoured on top of first anhydrite bed 
in big salt. 
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The contours show a pronounced dome in the Upper salt beds, closely 
related to the Big Lake pool and exhibiting a closure slightly in excess of 
125 feet. It is much more pronounced than the dome in the surface rocks 
(Fig. 3). The outside boundary of the oil pool, for the Texon zone, corre- 
sponds approximately with the 1,150-foot contour. Although the con- 
figuration of the dome is affected by the fault, yet it is evident that north- 
west-southeast elongation prevails for the structure. 

Figure 4 also shows a fault that will be discussed on a subsequent page. 

Contours on Texon discovery oil zone (Fig. 5).—Figure 5, in addition 
to exhibiting all producing oil wells in both the Shallow and Texon oil 
zones for the Big Lake pool, gives contours showing the elevation below 
sea-level of the latter zone. Within its boundary it also gives the location 
of all dry holes that have been completed outside the pool. These con- 
tours indicate a pronounced doming in the Texon zone of much greater 
structural amplitude than for the salt beds (Fig. 4). The —4o0o-foot 
contour is the lowest closure and the —150-foot the highest, thus giving a 
closure of 250 feet. This closure is double that for the salt beds (Fig. 4) 
and nine to ten times greater than for surface beds (Fig. 3). 

The dome has a marked northwest-southeast elongation, but it also 
possesses considerable northeast-southwest elongation which may have 
been caused by the fault on the east side of the pool. The outer boundary 
of the Big Lake pool, in the Texon zone, corresponds approximately with 
the — 300-foot contour (Fig. 5). 

Presence of fault.—A pronounced normal fault, whose position is 
based entirely on a study of the logs of wells adjacent to it, is shown 
(Figs. 4 and 5) immediately on the east side of the Big Lake pool, bearing 
slightly east of south. The downthrow which is on the east side is evi- 
dently greatest (250 feet) in the Texon zone, in the southwest part of 
Sec. 26, Block 9 (Fig. 5). Northward from this point the fault seems to 
disappear near the center of the east line of Sec. 24, Block 9. Southward, 
it evidently terminates in the northern edge of Sec. 23, Block 8. 

No evidence of this fault was found at the surface, nor has a study of 
well logs adjacent to it revealed its presence in the Cretaceous. Its forma- 
tion evidently antedates Comanche time, and it may be older than 
Triassic. It is believed that its formation is synchronous with that of the 
Big Lake dome in the Permian strata and that it has contributed largely 
in accentuating the structural relief of the Texon zone. 

Data on the elevation of the top of the Big Lake lime, in the numerous 
wells that have been drilled in eastern Upton and southern Reagan coun- 

‘lies and the adjacent part of northern Crockett County, show a marked 
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Frc. 5.—Subsurface structure at Big Lake, contoured on top of Texon (discovery) 
oil zone. 
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subsurface line of anticlinal folding with an axis plunging northwestward 
through the Big Lake dome. Within the area embraced by Figure 5, the 
contours show evidence of this line of folding, both in Blocks 2 and 8. It 
is very probable that the fault (Figs. 4 and 5), cutting southward across 
this line of folding, was an important factor in the formation of the Big 
Lake dome. 
OIL-PRODUCING ZONES 
Three oil-producing zones have been developed on the Big Lake dome, 
but only two of them, namely, the Shallow sand and the Texon zone, 
have yet produced oil in paying quantities. The relative position of these 
zones in the rock column is shown at the left margin of the cross section 
(Fig. 2). The possibilities of the third are yet to be determined. These are 
described in descending order. 


SHALLOW OIL SAND 
The Shallow producing zone in the Big Lake pool is generally en- 
countered in wells near the apex of the dome at a depth of approximately 
2,450 feet, or approximately 4oo feet above the top of the Big Lake lime. 
This zone is a silty, medium-grained sand, ordinarily reddish brown in 
color and of non-uniform thickness, ranging from 30 to 50 feet. Both the 
oil and gas from this horizon are confined to wells near the apex of the dome 
(see legend, Figs. 5 and 6) or above the —200-foot contour (Fig. 5). 
Eleven wells have been completed in it as oil producers. The Big Lake 
Oil Company’s University No. 17 (Fig. 6) was the largest “gasser” in 
the field in this Shallow zone. Its initial volume was more than 87,000,000 
cubic feet daily, with a rock pressure of 850 pounds to the square inch. 


TEXON OIL ZONE 

The Texon oil zone is at a depth ranging from 50 to 100 feet below the 
top of the Big Lake lime. Its depth from the surface ranges from 2,845 
feet, at the Big Lake Oil Company’s University No. 51 on the apex of the 
dome, to 3,137 feet'at the same company’s University No. 69 in the 
southern edge of the pool (Figs. 5 and 6). It is the most important oil 
horizon developed in the Big Lake pool and has produced by far the 
greatest amount of oil. This zone is an odlitic dolomite, ranging in thick- 
ness from 10 to 60 feet, but averaging slightly more than 22 feet, as de- 
termined by the average of the first 99 wells completed in the pool by the 
Big Lake Oil Company. Bottom water occurs 5-10 feet below the oil- 
producing part, and care must be exercised not to drill too deeply into 
the formation. Fortunately, a hard ledge intervenes between the oil “pay” 
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and water, making it possible to “plug back” wells successfully for a short 
time. Later, water oozes upward to the pay zone and probably accounts 
for the presence of water in wells in the Texon zone after they have been 
producing for some time, even at high structural levels. 
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Fic. 6.—Big Lake oil pool development map. 


Physical structure.—The following interesting description of the Texon 
zone, from a microscopic study of its physical structure, has been given by 
Sellards and Patton. 


524 RAY V. HENNEN 


The odlites in this horizon are very numerous and in some cases make up 
nearly the entire rock. They vary in size from o.2 mm. to 0.5 mm., the greater 
number being near the latter size. They are concentric in structure and usually 
show a central body or nucleus, often consisting of a sand grain. .... In many 
cases, the odlites break out from the matrix when the rock is broken up by the 
drill and are found in the samples as separate particles. On the other hand the 
odlites are in some cases firmly imbedded in the matrix, but the rock is neverthe- 
less quite porous. In cases where odlites break out easily from the matrix they 
might be mistaken for coarse sand by a casual observer, and in one case at 
least they were so recorded by the driller. This may partly account for the 
persistence with which the drillers insist that the production comes from a sand. 
Micro-chemical tests show that, aside from the occasional sand grain nucleus 
in the odlites, the rocks vary from relatively pure limestone to pure dolomite. 
This odlitic zone is not only a distinctive but a very constant zone and there is 
practically no instance of a well within the field, of which a complete and care- 
fully kept set of samples is available, in which this zone is not easily and defi- 
nitely identified. 


Continuity and porosity—The Texon oil zone, although not uniform 
in thickness, is persistent throughout the field; and thus far no dry holes 
have been completed in it within the limits of the pool. 

This zone evidently possesses a large amount of pore space, but the 
exact percentage of porosity has not been determined. All the wells that 
have been completed in the field have penetrated this horizon with stand- 
ard drilling tools, so that no representative specimen for porosity tests, 
in the form of cores from the pay zone, has been obtained. The prolific 
producing character of the wells indicates high porosity. 

Source of oil and gas.—There has been much discussion among geolo- 
gists as to the source of the oil and gas that is being produced from the 
Permian dolomitic limes of West Texas and southeastern New Mexico. 
Some maintain that the oil has migrated upward from the dark to black 
carbonaceous shales of the Pennsylvanian. Others incline to the belief 
that sufficient minute organic life occurred in the Permian seas of West 
Texas to act as source material for oil and gas during that time when an 
inland Permian sea was still connected southwestward with the ocean; 
further, that when this southwestern outlet was cut off, resulting in a 
closed inland Permian sea, or lake, the pickling character of the resulting 
highly saline waters tended to preserve on the sea floor the organic life in 
a form adaptable to make it act as source material for oil and gas. 

Both theories have considerable merit, but the writer is inclined to 
favor the latter. In other words, it is believed that the source of the oil 


18. WH. Sellards and Leroy T. Patton, op. cil., pp. 375-70 
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in the Texon zone is closely related to the dolomitic lime in which it 
occurs. It is very significant that in the Permian limes of this character, 
ranging from 800 to 1,000 feet in thickness, are found all the present pro- 
lific oil-producing zones of West Texas and southeastern New Mexico. 
A further corroboration that the oil is indigenous to these Permian limes 
is the fact that at their outcrops in West Texas and southeastern New 
Mexico freshly broken fragments from them have a marked petroleum 
odor. 
THIRD, OR DEEP, OIL ZONE 

A Third, or Deep, oil zone has been developed on the Big Lake dome 
at a depth of 6,284 feet, in Well 18 (Figs. 1, 2, and 6). This is reported 
by the drillers as a sand 15 feet in thickness. It lies 3,434 feet below the 
top of the Big Lake lime (Fig. 2). Its relative position in the rock column 
is exhibited in the log of this deep test (Table II), and the data therewith 
shows that drilling on it was still progressing at a total depth of 8,407 
feet on October 30, 1928. Since an effort is being made to explore the 
underlying formations as deeply as possible, no attempt has yet been 
made to tube the well and make it a producer. 

The oil from this zone is reported as free of sulphur and with a gasoline 
content of 35 per cent, and has given a gravity test of 38.7° Bé. The 
possibilities, from a commercial standpoint, for the Third oil zone on the 
Big Lake dome are yet to be determined; but, judged by the thickness of 
“pay” encountered, it is problematical whether wells from it would be a 
paying proposition if the expense of such deep drilling is considered. 


RELATION OF ACCUMULATION TO STRUCTURE 
REGIONAL 


The Big Lake oil pool is on the southeast structural slope of the Per- 
mian basin, just as the Yates pool (Fig. 1) of Pecos County is on the 
southern slope of the same basin; and the McCamey, Church and Fields, 
Hendricks, and Artesia pools are on the southwestern and western slopes 
of this basin. In other words, all the pools mentioned, including the Big 
Lake pool, are located on the rim of a great structural basin, a feature 
that is characteristic of some of the great oil pools of the world. 


LOCAL 
It has long been observed that where oil pools are found on the rims 
of great structural basins, there is generally some pronounced local struc- 
tural feature to form the trap necessary for segregation of the oil into a 
pool, especially in zones carrying water. Figures 4 and 5 show a pro- 
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nounced dome in the Permian beds, and particularly Figure 5, for the 
Texon oil zone. 

The accumulation of oil in the shallow sand is confined to the apex of 
the dome, or above the — 200-foot contour (Fig. 5) of the Texon sand. 
Below this last-mentioned structural level, edge water prevails. 

In the Texon sand the oil accumulation extends from the apex of 
the dome down to approximately the — 300-foot contour (Fig. 5); in fact, 
this structural level is considered the approximate outer boundary of the 
pool, and below it edge water prevails. Just as evidently happens on the 
Yates dome in Pecos County, Texas, the east half of the Big Lake pool 
has its richest saturation of oil for the Texon zone. 


MIGRATION 


A glance at the Big Lake dome, as exhibited in both Figures 4 and s, 
shows there must be a large accumulation area associated with the dome 
for the lateral migration of oil in the Texon zone that is believed to have 
occurred in the segregation of the pool on the dome at this horizon. As 
discussed on a preceding page, under the description of the Texon zone, 
it is not believed that the oil migrated upward from Pennsylvanian beds 
to the Texon zone. 

It has been somewhat of a puzzle to account for the presence of oil 
and gas in the Shallow sand on this dome. The large volume of gas en- 
countered with the oil “pay” is known as a “sweet gas,” being practically 
free of sulphur and non-poisonous in character. This is in marked con- 
trast to the condition prevailing for the gas associated with the Texon 
zone oil. It suggests that the oil and gas may have migrated from the 
Texon oil zone up the plane of the fault on the east flank of the dome 
(Figs. 4 and 5) to its present horizon. At approximately 175 feet below 
the top of the Shallow oil zone there is a thick red sand that generally 
carries large quantities of water. It can readily be conceived that oil and 
gas, in passing up the fault plane from the pool in the Texon zone to the 
horizon of the Shallow sand, would probably have to pass through a con- 
siderable volume of water, thus losing by absorption some of their con- 
tent of hydrogen sulphide. 

OIL 


AREA OF POOL 


Shallow sand.—The limits of the oil pool in the Shallow sand have not 
been determined because of lack of data in early wells that had the Texon 
zone as their objective. The pool is evidently confined to the apex of the 
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dome, with its outer boundary at approximately the level of the —175- 
foot contour (Fig. 5). Such a limitation gives an area of 275 acres. 

Texon zone.—The outer boundary of the oil pool in the Texon zone 
corresponds approximately with the — 300-foot contour (Fig. 5). A care- 
ful planimetric determination of its area on a map from which Figure 5 has 
been reduced gives 3,500 acres for the total area of the pool in the Texon 
zone, 


PHYSICAL AND CHEMICAL CHARACTER OF OIL 


Texon zone.—Both the physical and chemical character of the oil 
from the Texon zone, at Big Lake dome, have been determined by the 
United States Bureau of Mines.‘ The results of this investigation are given 
in Table IV. Table V gives data indicating the base of the oil from the 
Texon zone and a comparison of it with oil from other well-known West 
Texas pools. 

Shallow sand zone.—No such complete analysis of the physical and 
chemical character of the oil from this sand has been available, as for the 
oil from the Texon zone. The following approximate analysis of crude 
oil from it, at the Big Lake pool, is furnished on the authority of E. C. 
Stearns, general manager of the Big Lake Oil Company: 


Gravatyprre erate en <eurae 36.9° Bé. 
Gasolinesper cen tenis. ae forts cual Bares 
iKerosenes per centin sytem ese 1) 
OCNING. IM CINE vb cloadaadesddo cpa: 55.0 


The oil is very similar to that from the Texon zone and is believed by 
Stearns to have a slightly less sulphur content. 


PRODUCTION DATA 


The initial daily potential production of wells from the Texon zone 
in the early stages of the pool’s development ranged from 150 barrels at 
the discovery well to 4,200 and 8,750 barrels at the Big Lake Oil Com- 
pany’s University No. 11 and No. 18, respectively (Fig. 6). University 
No. 1 well of the Texon Oil and Land Company had an initial daily pro- 
duction of 5,000 barrels. An average initial daily potential production of 
99 consecutive wells of one of the companies was 1,180 barrels per well. 

The oil-production data (Table VI) on the Big Lake pool are given on 


“Analyses of Crude Oil from the West Texas District,” Report of Investigations, 
Serial No. 2849 (December, 1927), pp. 6, 7. 
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TABLE IV 


SAMPLE NO. 27866, TEXAS, BIG LAKE FIELD, REAGAN COUNTY, SAND-PERMIAN 
LIME, COMPOSITE SAMPLE, DEPTH 2,900-3,100 FEET 


Speciticigra vit Veet ence eee on834" QCALPA gravityaciees ee sen eee 3852- 
Saybolt Universal viscosity at Percentage of sylphur...........-. 0.36 
Pe Dee Chr ek pce eer 47sec. Percentage of water................ Nil 
Saybolt Universal viscosity at Pour POlt peee Peo ee below 5° F. 
TOO; eerie ECO eee AT SCC) @ SC OOF atte ean Po ee green 


DISTILLATION, BUREAU OF MINES—HEMPEL METHOD 


Percent- Specific Viscosity | Cloud 
Te t S F D aT t 
fuente ase | poe ee etal 2 | Bet] ee 
Air Distillation. Barometer, 746 Mm. First Drop, 20° C. (84° F.) 
yO) Foe cos a 2a 7 I { Up to 122 
668 Behe a ae cite We nee orig, 
Gemiiereacimaenac De @ 4.4 f y ,89.3 | 122-67 
OM NOVcocpencncet uc Eats 9.9 0.705 Goo at Beat ete ae er ee TO7—252 
TOO=1 2-6 eee: raat £753 0.738 COND: AS oe ese eee PUOS Sr 
D2 5 = SOh ennai aie 6.3 23.6 0.758 fee aae | [a Rem ot eee een 257-302 
T5O= 75 dees slats Ais 28.1 °.779 SOn Te Bie tee baal ewe cee eee 302-47 
E752 OO mee ecto Ls af 32.8 0.7905 BOOS eI ieee estilo. aac 347-02 
ZOO = 2G Mien ertetenece 4.5 Ba 8 0.811 As Olr Miao ec eee ade 302-437 
OSA OV en Choa tea Ses 42.6 0.825 AOWOP Nie sitet. ce eee 437-82 
DR Om IR Ce dead tones Rone a0) 47.6 0.835 Ero RRO }EN Las ore. okie ayes ees 482-527 
Vacuum Distillation at 40 Mm. 
IUpitor2oomnaenar Ball Sean 0.855 34.0 Ate 5 Up to 392 
ZOO= 2S wince tese ators 5.8 10.9 0.861 32°8 48 30 3902-437 
DOSE Om aranerneomehees Bie tt 16.0 0.870 Sasa 66 5° 437-82 
DOS OS ee en aan a 4.1 20.1 0.886 28.2 IO5 70 482-527 
APS-C coh pone 6.1 26.2 0.807 26.3 200 go So 7-72 
IRGS CMMs ga ocaosonadows 24. per cent Distillationdossso95. aa aee I.3 per cent 
Carbon residue of residuum. 4.6 per cent Carbon residue of crude..... 1.1-per cent 


APPROXIMATE SUMMARY 


Percentage| Specific Gravity | Degrees A.P.I. Viscosity 


ighteSasoune nema enacts é 0.68 OQ; Fh Rpg 
Total gasoline and naphtha...... a4 8). ae ae ao alge 
Kerosene distillate.............. 9.8 0.819 41.3 Withee = 
Gas oil oeeieees SOHO oS 6a Re Hop TOM, 0.849 BELO. adil: ean ae eee 
Non-viscous lubricating distillate. . 8.8: | 0.862-0.884 | 32.7-28.6 50-100 
Medium lubricating distillate... .. 5-7. | 0.884-0.897 | 28.6-26.3 100-200 
Viscous lubricating distillate... .. 3.0 | 0.897-0.904 | 26.3-25.0 | Above 200 
Residuunitnn nme eee 24.9 ©.940 19.0 oe 
Distillation loss................. ee eee ree et ere ee 
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the authority of E. C. Stearns, general manager, Big Lake Oil Company, 
as of October 1, 1928. 

An analysis of the production figures, as of October 1, 1928, reveals 
that the total gross production from the Texon zone is 97.16 per cent of 


‘ 


TABLE VI 
Ort PropuctTion, Bic LAKE Poor 
Gross Daily Gross Daily Gross Daily 
from Texon Zone from Shallow Sand for Field 
Barrels Barrels Barrels 
17,483 839 18,322 
Total Gross Total Gross Total Gross 
from Texon Zone from Shallow Sand for Field 
Barrels Barrels ’ Barrels 
35,210,344 1,028,107 36,238,451 
Number Wells Number Wells Total Wells 
from Texon Zone from Shallow Sand for Field 
216 9 225 


the total gross from both zones, and that for the Shallow sand, 2.84 per 
cent. The 460 acres of the Texon Oil and Land Company, fully developed 
for the Texon zone, had already produced from this horizon, 25,700 barrels 
of oil to the acre and on that date was adding to its recovery at an annual 
rate of 3,100 barrels to the acre. These results justify an estimate that 
the ultimate recovery from this 460-acre unit may be 35,000 barrels to 
the acre from the Texon zone, which has an average thickness of less than 
25 feet, 
GAS 
SHALLOW SAND 


The Shallow oil sand of the Big Lake dome has been a prolific gas 
producer in several wells near the apex of the structure, or above the 
— 200-foot contour (Fig. 5). One well (Big Lake Oil Company’s Univer- 
sity No. 17) had an initial volume of slightly more than 87,000,000 cubic 
feet daily, with a rock pressure of 850 pounds to the square inch. This 
well furnished fuel for field operations for a considerable time. Other 
notable gassers in this horizon are the Big Lake Oil Company’s No. 21 
and No, 102, which are still furnishing fuel from this horizon for the camp 
at Texon. 

The gas from the shallow sand is known locally as ‘sweet gas” in that 
it is non-poisonous in character. Tests show that it contains less than 
0.01 per cent of hydrogen sulphide. 
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TEXON ZONE 


The Texon zone produces a considerable amount of gas with the oil. 
A very few of the wells, when first opened, produced approximately 
1,000,000 cubic feet of gas daily with their oil. During the first three years 
after the field was opened, this gas was present in sufficient volume and 
pressure to cause the wells to flow their production. At the present time 
all producing wells in the field are pumped. 

The gas from the Texon zone is now collected by a system of gathering 
lines from the producing wells to a casing-head plant in the field that 
uses about 3,500,000 cubic feet daily. After it passes through the plant, 
the residue is treated and then used to supplement the Shallow sand wells 
in supplying the fuel for the camp. 

The gas from the Texon zone is poisonous in character, so that 
considerable care has to be exercised when wells are being completed 
in the ‘“‘pay.”’ The United States Bureau of Mines has investigated the 
character of this gas and the following is taken from their report. 

The ‘poison gas’ is present with the oil but fortunately not in large quan- 
tities. If the same volume were present as in the Panhandle field, the effect 
would be disastrous. Analyses of eight samples of the poison gas collected from 
eight different wells, oil separators, or flow tanks into which the wells were pro- 
ducing, show amounts of hydrogen sulphide ranging from 8.1 to 10.5 per cent. 
The concentration appears to vary with the location of the wells. Those wells 
in the extreme east of the field produce the larger amount, and those in the south- 


west the lesser.? 
PRESENCE OF WATER 


Edge water is present in the Shallow sand of the Big Lake pool, 
generally below the — 200-foot contour level (Fig. 5). 

In the Texon zone, edge water, sulphurous in character, prevails in 
the oil pay part of the zone at approximately the position of the — 300-foot 
contour (Fig. 5). Five to ro feet below the oil pay part of the Texon zone, 
bottom water, sulphurous in character, prevails even at high structural 
levels. As mentioned under the description of the Texon zone, this bottom 
water can be successfully plugged off because of a hard ledge, 5-10 feet 
in thickness, intervening between the oil “pay” and water. This bottom 
water is evidently diminishing in volume and pressure. Formerly when 
wells were drilled into it, this water would rise almost 2,200 feet in the 
hole. New wells recently drilled into it show that it now rises only 1,200 
feet in the hole, and the water carries less sulphur than formerly. 

« “Hydrogen Sulphide Poison in the Texas Panhandle, Big Lake, Texas and Mc- 
Camey, Texas,” Report of Investigations, Serial No. 2776 (October, 1926), p. 7- 
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It is evident that this bottom water, even on the apex of the dome, 
oozes up slowly through the intervening ledge into the oil “pay,” as all 
wells in the field pump some water with their oil. The minimum amount 
of this water is 5 per cent of the total fluid. The water is easily separated 
from the oil and does not seem to interfere seriously with the oil produc- 
tion. In fact, it seems to prevent paraffining of the pay zone, thus per- 
mitting the oil to flow more freely into the well. 


DRILLING AND PRODUCTION METHODS 


All the wells in the Big Lake pool, with one exception, have been 
drilled with standard cable tools, using standard 81-foot steel derricks. 
A few wooden rigs were used at the start. Rotary drilling equipment was 
tried on one well down to the top of the Big Lake lime, but the hard 
anhydrite beds encountered made this method unsatisfactory. 

At first, all the wells of the Big Lake Oil Company were pumped 
with individual gas engines, but in July, 1927, a change was made to 
individual electric motors, which resulted in great economy of operation. 
Six to eight months later, the Texon Ojl and Land Company also changed 
from individual gas engines to individual electric motors for all their wells 
except ten, which are pumped from a central power driven by an electric 
motor. Electric current for this purpose is furnished the field by the 
Pecos Valley Power and Light Company from its power plant at Girvin, 
Texas. 

FUTURE DEVELOPMENT 


SHALLOW SAND 


It is probable that the Shallow sand may produce much more oil in 
the future from wells drilled to it for that purpose, especially near the apex 
of the dome. Because of the large volume of gas with high rock pressure 
encountered in it, many wells were loaded with mud and water until that 
stratum was drilled through. This was to prevent probable loss of a well 
to the Texon zone through escape of uncontrollable amounts of gas, with 
the latter zone at that time being the main objective. This loss happened 
in two or three wells. 

TEXON ZONE 


When, early in 1927, the price of this crude oil was cut approximately 
$1.00 per barrel, drilling operations were immediately curtailed, leaving an 
area of approximately 3,050 acres within the limits of the pool for the 
Texon zone, with only 147 wells. On the basis of 1 well to each ro acres, 
it is evident that many proved locations are yet to be drilled. 
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THIRD, OR DEEP, SAND 


As mentioned on a preceding page, under a description of the Third, or 
Deep, sand, it is problematical whether the amount of production that 
may be obtained from this deep sand will warrant the large cost of drilling 
operations. More will be known about the future development of this 
horizon when the deep test (Well 18, Figs. 1 and 2) is plugged back to it, 
the well tubed, and its oil-producing capabilities determined. 


APPENDIX" 
INTRODUCTION 


The original manuscript for this paper was completed on November 11, 
1928. At that time the Texon Oil and Land Company’s University No. 1-B well 
(Well 18 of Fig. 2) was drilling at a depth of 8,407 feet. Later, by December 1, 
it had penetrated more than 100 feet deeper and had developed another re- 
markable oil- and gas-producing horizon at 8,520~25 feet, that has herein been 
designated the “Fourth” oil zone. Because of the large volume of gas with high 
rock pressure (probably 3,000 pounds to the square inch) encountered with the 
oil in so small a hole (5 ,°, inch), it was found impossible to lower the drilling tools 
to drill deeper into the pay zone. In spite of this, however, the well has been 
slowly drilling itself in below its total drilled depth of 8,525 feet, during the 
months of December and January. During this period its oil production has 
increased at an average daily rate of 28.4 barrels, with a marked increase in its 
daily volume of gas on open-flow tests, and for the month of December flowed 
a total gross of 25,848 barrels of oil, and for January, 48,298, or a total of 74,146 
barrels for its first two months. This increase is strikingly exhibited by the 
curves shown in Figure 7, which are based on the daily gauges at 7:00 A.M. of 
each date as furnished by the Texon Oil and Land Company (Table VII). 

The producing record of this well is remarkable and exceptional; and, so 
far as known to the writer, no such sustained increase in daily oil production, 
after drilling had ceased, has ever been associated with any other well in the 
United States for so longa period. Again, it is not only the deepest oil-producing 
well in the world but also the deepest boring ever drilled for any purpose. Its 
complete log, classified tentatively to its present total depth of 8,525 feet, is 
given on pages 508-11, in the original paper. It is believed that this deep oil 
zone (Fourth) occurs in pre-Pennsylvanian rocks, a conclusion seemingly 
corroborated by the analyses of the oil herein. 

The University 1-B well was drilled with standard cable tools to its total 
depth of 8,525 feet, with electricity used as power for drilling operations. This, 
no doubt, resulted in less cost than if steam had been used, in that much less 
time was consumed in getting the drilling tools in and out of so deep a hole. This 
cost has been estimated by its owners to be $140,000.00. On January 31, 1929, 


1 January 31, 1929. 


RAY V. HENNEN 


534 


Log 


"SWX3L “ALNNOD NVOW3Y .SZSe Hid3d ‘AINN ‘@-1'ON ‘O09 “7'8'°0 NOX3L ‘3NOZ 


wo 


~ 


r 


o 


a 


d330‘S3AUND NOILONGOYd ATIVO 


I 
a 


a 


AVG Y¥3d SW9O JO 1334 AEGND 4O SNOITIINW 
2 


Hee EERE 


ee i eed = —Ee————— 


eeunrssn awe es 8 uu os woo wi ioe er 9 S be 2 | kOe uh 
6261 AYVONYT 


wu a ne uo oe eee Se ee 0008 
826! Y38N3530 


AVG Yad STauYve 


“(IIL 2148 pue z oinStyqz Jo gr oN) vsodind 
Auv IO} po[LIp I9Ae [Jam ysadoep puv 19dnpoad fro (aaj $zS*g) ysadsop punoiSe10j ul Sutmoys ‘Jood syxvr7T Stig jo ydeis0joyg—'g “OI 


535 


BIG LAKE OIL POOL, TEXAS 


536 


RAY V. HENNEN 


TABLE VII 


DaiLy Propuction, TEXON Ort AND LAND ComPaNy’s 
University No. 1-B 


Barrels of Oil, 


Cubic Feet of Gas 


Date Gross Daily , Daily 
T0205 December mie veri 7; 86,000 
Dera re cinvehe 66 I ,000,000 
Beuieretg state ae 78 2,900,000 
Ale Giese dari 205 7,000 , O00 
SOA eRe ee 402 7, O00 , OCO 
OR ene 477 8,000, 000 
Te sachste seceay os 615 9,114,000 
Sacer vanes tate 552 9, 300,000 
Ont aematess 635 9,500,000 
TO wees 676 10,547,000 
Ti erie ae 740 II, 000,000 
Tans ear 752 II ,000,000 
EBs geist sietens 819 II, 500,000 
TAs « seesete tetas 877 II, 500,000 
G's eretencucreree 877 II, 500,000 
BOe aed ciens 892 II, 500,000 
Tissues Miele. 952 II ,QO0, 000 
LO trmsyarcet 982 12,300,000 
TOpecie ys sore I,020 No gauge 
DO me enone 1,060 No gauge 
DL Aan ce PENS I,070 12,400,000 
Povo cas 3 cise cae 1,090 No gauge 
Berit oe el 2 No gauge 
2 At RRO CEES One Teo No gauge 
ON Ma beers ee eee Tes No gauge 
2 Onenaee ee I, 205 I2, 500,000 
Da he SPAG EOI Tes No gauge 
Moeosolae oe E225 12,400,000 
Arnis aoe ee 1,267 No gauge 
BO eye areas 1,298 No gauge 
at bere ee RIE T,302 No gauge 
TOO, JENNUENRA ha seg acca- 1,368 12,700,000 
CR Ne emote ena E345 No gauge 
GREE ever hSe © I, 380 No gauge 
Ale saith oe 1,367 I2, 300,000 
Lee NINE eet 1,387 No gauge 
Cherries Tete No gauge 
Tenth Tos 7 No gauge 
Sincere 1,467 16,108,000 
OR a acee 1,450 No gauge 
VOR ae ene 1,482 No gauge 
Ti Me Sreyeretrs 1,502 16,613,000 
2s Kec eer Esty, No gauge 
Toe heemeeon 1,515 No gauge 
TAnoek oar T580 No gauge 
yet du gay Gus I,560 16,842,000 
LOS em eee 1,560 No gauge 
Sy Re ae 1,582 17,505,000 
TSS tegvenen ee I, 590 No gauge 
AH ONAN Sy chs: Neve 1,596 No gauge 
JON Set oc C575 No gauge 
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TABLE VII—Continued 


Date Benes pe ail Cubic ine Gas 
TO2ZO,plantianye 2 teres ase I,640 16,800,000 
DD afore: lots tne ib SOS 17,169,000 
DB Neer sats 1,675 No gauge 
DN ney erage 1,662 No gauge 
DoW iereteasnsceris io 1,677 No gauge 
D One reratasn hes 1,692 No gauge 
Deis rate ort feels oe D705 18,654,000 
BS ackaveys anata 15735 18,755,000 
BO Sea sealers ase 1,705 19,085,000 
BOs ars sisi SS 1,755 18,755,000 
Sits Gace oTeE 1,750 No gauge 


74,146 barrels of oil had been produced, of which total probably not more than 
3,000 barrels, or 50 barrels daily, has come from the Third zone at 6,284 feet, 
occurring 100 feet below the bottom of the last string of casing. It is probable 
that before the expiration of another forty days the entire cost of the well will 
be refunded to its owners. If it had been possible to drill deeper into the pay 
zone, there can hardly be any doubt but that a much larger well would have 
resulted.t 

The importance of this deep oil zone (Fourth) to the Permian basin region 
of West Texas and southeastern New Mexico, from an oil reserve standpoint, 
can scarcely be overestimated. It has demonstrated that the beds of the 
Pennsylvanian may offer possibilities for large oil production on many of the 
structures associated with the oil pools of the Permian in this region (Fig. 1). It 
is believed for this reason that the officials of the Texon Oil and Land Company 
are deserving of the highest praise for their courage and persistence in sinking 
the well to so great a depth to determine the oil possibilities of these older rocks. 


« Subsequent note, July, 1929. Monthly gross production from the deep “pay” 
since completion of this well on December 1, 1928, has been added in the following 
table. On July 5, 1920, it attained its greatest single day’s production (2,677 barrels) 


together with 25,177,000 cubic feet of gas: 
Barrels Oil 


ID\earrabyOe, HOP Se Gerd eat hae eee meres eeBe 25,209 
WantiainyelOzZOn neg rr ate a nee ator ee 48,697 
[RG OAUENAT  AWOPLO), waake chomhe es ane en ee eds aa 
WERE, —TKoPGye eed ans ag eee como pe ee: 67,052 
April, LOZO ME aeons 2h Tey ee 0202 
May, OPAC 5-0. ws SG OARS COO Orn Patera 78,617 
June, AIP XO ch ct Go. Nicos eee eae res ona eneta 78,331 


BOCA CLOSS emer sey tious oie sy chem ares 421,769 
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OIL FROM FOURTH ZONE 


Area of pool.—The area of the oil pool on the Big Lake dome, that has been 
opened from the Fourth zone, cannot be determined at this stage of its develop- 
ment. Although the well is not on the apex of the dome, as determined for the 
Texon zone (Fig. 5), it occurs at a high structural level on the dome; and it is 
believed that this deep zone will produce at much lower structural levees in other 
wells a considerable distance from the University 1-B well and that the pool in 
it may cover practically the same area (3,500 acres) as that for the Texon sand. 

Physical and chemical character of oil—Very complete tests of the oil from 
this Fourth zone, in the University 1-B well, have been made recently at the 
Fort Worth Refinery of the Transcontinental Oil Company. Concerning these 
tests, A. J. Slagter, general superintendent of refineries, gives the following 
statement. 


From the results obtained on both the experimental and the commercial run on 
Texon crude oil, made at our Fort Worth, Texas, refinery, we find that all of the 
characteristics of this crude correspond almost identically with the light Pennsylvania 
crudes, namely, that it is low in sulphur (0.19 per cent), that the specific gravity and 
boiling-points of the various fractions correspond with the Pennsylvania crudes, that 
it is a strictly paraffin base crude containing 0.35 per cent of paraffin wax and 5 per 
cent of lubricating oils corresponding in every respect with Pennsylvania lubricating 
oils, and that it is practically free from any asphaltic pitch. 

The following ‘‘Report No. 1” (Table VIII) shows the Engler distillation made on 
each 5 per cent cut to 95 per cent of the crude, together with Engler distillation of the 
Texon crude itself. 

The attached ‘‘Report No. 2” (Table IX) gives a summary of the characteristics 
and percentages of overhead products and residuals run to different percentages. 

The attached ‘Report No. 3”? (Table X) shows the results from the commercial 
run of 500 barrels made at the Fort Worth refinery, said run being made to a 7 per 
cent residual. 
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TABLE VIII 


Report No. 1—SpeciAL LABORATORY REPORT OF THE TRANSCONTINENTAL 
Ort Co., Fort WortH REFINERY PLANT, JANUARY 18, 1929 
ENGLER DISTILLATIONS MADE ON EACH 5 PER CENT CUT OF TEXON CRUDE* 
(FOURTH ZONE) 


& 

iS 
g | Bf 8 
g a8 2 TEMPERATURE AT FOLLOWING PER CENT OFF 32 2 & 
See Sule rs las cae) 6 | BB 
8 a2 Ba | ay Gss| & 88 
20 se) || eam] 2 Ae 

Ay a a Hi | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | & oO Ay 

Lele} 

Beye 156 85.0 76] ot} 104] 115] 127] 142] 159] 180] 213]....] 313 25 plus | 88.0 
EO ex's \3'% 175 82.1 80| 96] 107] 120] 133] 145] 160] 180] 205]....] 313 25plus | 91.0 
5 tee 192 77.0 88| 112] 123] 134] 145] 156] 169] 184] 203] 228] 313 25 plus | 97.0 
SO o va: 208 Tan hi 108] 134] 144] 154] 164] 174] 185] 196] 212] 240] 316 25 plus | 98.5 
DE a stays 225 08.4 126| 156] 164] 174] 184] 192| 203] 208] 229] 258] 337 25 plus | 99.0 
Co RAOONE 240 65.0 148] 174] 184] 192] 199] 207] 214] 227] 245] 275| 353 25 plus | 99.0 
Seta 257 61.9 167] 190] 201] 207] 215] 224] 234] 246] 263] 307| 376 25 plus | 99.0 
AO ae vis 276 59-4 188| 211] 216] 224] 232] 240] 250] 262] 280] 310] 393 25 plus | 99.0 
Deas ce 204. B76 204| 229] 235] 242] 250} 256] 268] 282] 302] 336] 416 25 plus | 99.0 
BOiisfe 316 55.3 226| 248] 254] 261] 270] 278] 289] 302] 316] 354] 4390 25 plus | 99.0 
Siatocd 342 53.0 250| 273] 280] 287) 294] 304] 314] 327] 347] 384] 465 | 25 plus | 99.5 
OO. 370 51.0 282| 300] 308] 315] 323] 331] 341] 356] 378] 416! 492 25 plus | 99.5 
ikjeaone 404 49.0 | 310] 326] 334] 340] 350] 361] 373] 388] 410] 448] 520 | 25plus | 99.5 
(euro 441 46.9 | 340] 358] 360) 378] 388] 398} 410] 427| 449] 488} 555 | 25 plus | 99.5 
Hee ae 480 44.5 | 380) 403] 412] 426) 435] 446] 458) 474] 408) 537| 602 | 25plus | 99.5 
80..... 525 42.2 | 422] 447) 455] 467| 476| 487] 409] SIs] 535] $72} 630 | 25 | 99.5 
Bae ites 40.1 468| 492] 503] 512] 522] 532] 546] 561] 584] 624] 680 1} 99.5 
QOer we 645 37-7 | 519] 551] 565] 575] 586] 598} 612] 630] 650] 690] 742 1} 99.5 

ost 694 258 220| 578] 620] 640] 653] 669] 684] 700] 720] 751] 760 plus = re per 

cent 0 


* Engler distillation of Texon crude: §5.7, 100, 170, 204, 236, 270, 310, 363, 435, 526, 690, and 737. 
+ Lowy initial of this cut indicates cracking. 
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TABLE X 


Report No. 3—ComMMERCIAL RUN ON 500 BARRELS, FouRTH ZONE CRUDE 
TO 7 PER CENT RESIDUAL 


o 3 

2 io Pe 35 
Products ee as I.B.P.|M.B.P.| Flash | Fire 3 fe 5A | Color 

HS) 2 | Sa | 5s 

RK Saale Ay 

Gasoline a scree (COgee)| CRats|| HOA ZOE |lF5 ooullo obo clloooe dlee eos 0.075] 25 
Kerosene.) 9.05. DOROOIMAG aS herein |e TSOm|| Meee eel Cesare ten ais. al actrees 
(Gasroilee ys aes ane: OBI: Sete, 5.03.0 ll eo Becca ictceo chal WORN csc) ba Gtokere Serene ee eee obec 
Jbl oyD OKA seh o ose Jioi{o}) POA ogosllo os AT On eS 20m e350) meee lst ar 6-7 
IWiatah te cicgictn earns GQeQE|. ada ollooad ellos odio aol locus lomo. OPE AWs 5 68 cblloum oo 
MOSS tacts, seca ycem race Os Chel hs 0, orcad tc ene |oc0-c ond ko octal eto ciel (ORR Rca (icone ea eacicioneadl (elec 


* The tests and percentage of lube oil were determined in the laboratory from residuum off the refinery 
run. 


RELATION OF PETROLEUM ACCUMULATION TO 
STRUCTURE, PETROLIA FIELD, CLAY 
COUNTY, TEXAS 


FRANK E. KENDRICK? ann H. C. McLAUGHLIN3 
Dallas, Texas, and Duncan, Oklahoma 


ABSTRACT 


A buried ridge or series of buried hills, known as the Red River arch, in northern 
Texas and southern Oklahoma, extends from northern Denton County, Texas, west to 
central Foard County, Texas. A number of productive geological structures are located 
on this arch. The Petrolia dome is the oldest of these fields and one of the most pro- 
nounced structures. Drilling has revealed that beneath the producing horizons in this 
field lies a series of thick limestones of Ordovician age, supported by a core of igneous 
rock; also, that beds of only two formations, Permian and Cisco, extend completely 
over the crest of the dome, but that those of Canyon, Strawn, and possibly Bend are 
deposited on the flanks. The chief source of production is near the base of the Cisco. 
Thick bodies of water sands are found in the lower formations around the edge of the 
field. One distinct unconformity is known to exist. This is between the Ordovician and 
beds of overlying formations. The Petrolia field is an excellent example of the relation 
of petroleum accumulation to anticlinal structure. 


INTRODUCTION 


The Petrolia oil and gas field, first known as the Henrietta oil field, 
is one of the oldest and most historic fields in Texas.4 Although it is now 
practically depleted, the field has been surprising in that it is still produc- 
ing oil and gas long after the several different dates set for its exhaustion. 
Even now, with the aid of the gas lift, production has been increased 
and wells formerly abandoned have been revived.s The high gasoline 
content of the gas and the fact that it contains considerable helium have 
made the drilling of wells profitable for a period much longer than for 
many other fields. 


* Presented by title before the Association at the Tulsa meeting, March 26, 1927. 
Manuscript received by the editor, October 23, 1928. 


2 Chief geologist, Lone Star Gas Company. 

3 Geologist, Lone Star Gas Company. 

4K. W. Shaw, “Gas in the Area North and West of Fort Worth,” U.S. Geol. Survey 
Bull. 629 (1916). 

’ George Reid, “North Texas Oldest Field Coming Back under Gas Pressure,” 
Oil Weekly, Vol. 44, No. 12, p. 29. 
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LOCATION 


The Petrolia oil and gas field is in the northern part of Clay County, 
Texas, approximately 16 miles northeast of the city of Wichita Falls and 11 
miles north of the town of Henrietta. It lies almost entirely in the Parker 
County School Land Survey, occupying practically all of the northwestern 
part of this tract. On the north side of the field is the village of Petrolia, 
from which the field derives its name. This territory is served by the 
Wichita Valley Railroad, which connects Petrolia with Wichita Falls. 


HISTORY 


On account of the scarcity of water for drinking purposes, a well was 
bored in the year 1902 by a Mr. Lochridge, who was seeking to relieve 
the water situation on his farm in Clay County. At a depth of approxi- 
mately 150 feet the drill encountered a sand that showed only oil, thus 
dampening’ the prospects for a water well. Oil had previously troubled 
some of the farmers of that district by seeping into their wells, but this 
was the first occurrence of a stratum producing oil and no water. Al- 
though no drilling for oil was done at that time, the Lochridge discovery 
was the real beginning of the oil industry in this area. Within the brief 
period of a few years, however, there were several hundred shallow wells 
producing oil at depths ranging from 150 feet to approximately 720 feet. 
The entire shallow producing area covered something like 700 acres, 
which is the crest of the Petrolia structure as it is known today. This was 
the beginning of what was first called the “Henrietta” oil field, but, as the 
town of Petrolia soon made its appearance on the north side of the field, 
the name was changed to the “Petrolia” field. During the early days the 
acreage was divided into small tracts and townsites; and, as many of 
these have changed ownership a number of times, there has probably 
never been a more confused condition of ownership, well locations and 
numbers than has existed here. 
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Deeper drilling, and consequently the development of gas, did not 
begin in the Petrolia field until 1907, when the first gas of importance 
was found. This discovery led to much greater activity, and within two 
years there was so much gas that a market was demanded. In answer to 
this demand the Lone Star Gas Company was organized, which company 
built a line to Fort Worth and Dallas, a distance of approximately 140 
miles, For several years Petrolia was the only gas-producing field of im- 
portance in this part of the country, being the sole source of gas for the 
previously mentioned cities. It is a remarkable fact that a small amount 
of gas from this field is still being supplied to these cities, although a 
period of more than 20 years has elapsed since its inception as a gas- 
producing area. 

TOPOGRAPHY 


The Petrolia field is on a topographical divide which is drained on the 
north by Big Wichita River and on the south by Little Wichita River 
and their tributaries. These streams ultimately empty into Red River. 
Long Creek, a tributary of Little Wichita River, has entrenched itself 
through the heart of the field but, being in an immature stage, has not 
developed any flood plains. The topography has the aspect of a rolling 
prairie, and the paucity of vegetation gives it an appearance similar to 
that of the plains country. Elevations in and around the field range from 
approximately goo feet to 1,010 feet, the highest point in the county 
being slightly north of the edge of the field. The elevation at Petrolia 
station is 993 feet. 

SURFACE STRATIGRAPHY 


All beds exposed in the Petrolia field and its immediate environs are a 
part of the Wichita formation of the Permian series, more commonly 
known as Red-beds. The Permian in north Texas has been divided into 
three divisions, in ascending order—Wichita, Clear Fork, and Double 
Mountain—but only the Wichita is found in the area under discussion. 
Exposures around Petrolia consist chiefly of cross-bedded sandstones, red 
shales, and a few blue and gray shales. Although thin beds of limestone 
and gypsum have been reported in some wells in the Wichita formation, 
it is doubtful if these reports are correct. The shales are of a lenticular 
nature, and the sandstones are rather discontinuous. This not only is true 
on the surface but it is verified by well records, certain beds being found 
in one well that do not seem to be present even in the nearest offset. Very 
few fossils are found in this formation; most of them are restricted to 
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plant remains; but a few pieces of carbonized wood or part of a tree trunk 
have been seen in well cuttings. ; 


SUBSURFACE STRATIGRAPHY 


There are no exposures of any of the rocks below the Wichita forma- 
tion in the area of Petrolia. For this reason a discussion of the underlying 
beds and their relation to surface beds must be based on conclusions drawn 
from exposures in other places and from records of deep wells. The lower 
part of the Wichita and the top of the Cisco, the next lower formation, 
bear such a marked resemblance to each other that it is almost impossible 
to designate an exact line of contact between the two. As early as 1891, 
C. A. Whitet described this condition as follows. 

The Texas Permian, while not contrasting strongly with the Coal Measure 
formation which underlies it, is teadily distinguishable from it by general 
aspect and lithological character; and yet the Permian strata blend so gradually 
with those of the underlying Coal Measures . . . . that it is difficult to designate 
a plane of demarkation in either case. 


Because of the scarcity of fossils and failure to preserve well cuttings, 
we do not know much more of this contact even today, but it is generally 
conceded that the thickness of the Wichita is approximately 1,000 feet 
in the vicinity of Petrolia. Udden and Phillips’ also state that this line 
of demarkation is uncertain. 

We know that the upper 300 feet or more at Electra belong to the Wichita 
formation and that the shales and sands penetrated from 1,400 to 2,000 feet 
under the surface belong to the Cisco, but how much of the intervening 1,200 
feet should be alloted to each we can only guess from the lithologic appearance 
of the section as made known by the drillers’ records. 


As the conditions of deposition of the Upper Pennsylvanian and the 
basal Red-beds were very similar, causing the two formations to grade 
very gently into each other, it is easily understood why one finds it 
difficult to name any certain depth as the contact between them. 

Gordon’s’ brief description of the Pennsylvanian rocks of north- 
central Texas and approximate thicknesses is as follows. 


«©, A. White, “The Texas Permian and Its Mesozoic Types of Fossils,’ U. S. Geol. 
Survey Bull. 77 (2891), p- 11. 

2 J. A. Udden and D. MeN. Phillips, ““\ Reconnaissance Report of the Geology of 
the Oil and Gas Fields of Wichita and Clay Counties, Texas,” Univ. of Texas Bull. 246 
(1912), p. 86. 

3 C. H. Gordon, “Geology and Underground Waters of the Wichita Region, North- 
Central-Texas,” U. S. Geol. Survey Water-Supply Paper 317 (1913), P- 14. 
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SECTION OF PENNSYLVANIAN FORMATIONS IN THE WICHITA REGION, TEXAS 


Feet 
Cisco formation (clay, shale, conglomerate, and sandstone, with some 

limestone’and coal)..c..09 a cnamany 6b e oie ime ee Gavin ahs oe oes 800 
Canyon formation (alternating beds of limestone and clay, with some 

sandstone.and conglomerate) ain. arcn eee ee oe ee 800 
Strawn formation (alternating beds of sandstone and clay, with some con- 
glomerate and shale; the lower 1,000 feet consists of blue and black clay 
locally containing beds of limestone, sandstone, or sandy shale, and 

a coal seath a6 the: topes =rsip co ce ee ae ee eon eae 1,900 

4 Woe) banlionee 15 eee ee AL Tyne eM, Polen ys Wie tt whos bles Go 3,500 


Wells located on the top of the Petrolia structure find the Cisco with 
a thickness ranging from approximately 750 to 850 feet and then pass 
into thick bodies of limestone, known locally as the “Big lime.” Im- 
mediately before this limestone is penetrated, the “big gas sands”’ of the 
field are found at depths ranging from 1,500 to 1,750 feet. The lower 
part of this “Big lime” is of Ordovician age (Fig. 1): “The producing 
sands in Petrolia and Burkburnett, but probably not Electra, directly 
overlie limestone of Ordovician age in the fields, but on the sides of the 
anticlines a series of water-bearing sands appear which do not extend over 
the highest parts.’”* From this it is surmised that the Canyon, Strawn, 
and Bend are all absent on the top of the Petrolia structure, as it is 
practically certain that the producing sands at Petrolia are a part of the 
Cisco.? Certain facts set forth by Hager? and Roundy! tend to sub- 
stantiate this point of view, and, although paleontological evidence is 
rather scarce, especially at Petrolia, it is now generally conceded that 
this lime is of Ordovician age. Three key wells, Byers No. 41 on the north- 
east flank of the structure, Lochridge No. 6 on the crest, and Halsell No. 
t, 18 miles southeast of Petrolia, give considerable evidence that the fore- 


‘Sidney Powers, ‘‘Reflected Buried Hills and Their Importance in Petroleum 
Geology,” Econ. Geol., Vol. 17 (1922), p. 247. Subsequent note (July, 1929).—In 10929 
samples from several wells southwest of Waurika were examined by B. H. Harlton and 
from meager fossil evidence it is believed that the upper part of the “Big lime” is 
Pennsylvanian and the lower part Ordovician, separated by a thick erosional zone. 
See also, Sidney Powers, ‘Age of Folding of the Oklahoma Mountains,” Bull. Geol. 
Soc. Amer., Vol. 39 (1929). 


2 J. A. Udden and D. McN. Phillips, of. cit. 

3 Lee Hager, “Red River Uplift Has Another Angle,” Oil and Gas Journal (October 
17, 1919), PP. 64, 65. 

4P. V. Roundy, U.S. Geol. Survey Bull. 726-F (1922), p. 293. 
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going conclusions are well taken. In regard to Byers No. 41, Harlton! 
states: “It may be concluded that the contact between the Carboniferous 
and Ordovician rocks in Byers 41 is at a depth of about 3,540 feet, based 
on fossil evidence.” 

Another important fact connected with this well is that it encountered 
granite from 4,240 to 4,289 feet (the bottom of the hole) and that it is 
the only well at Petrolia that has been drilled into igneous rock. 

Lochridge No. 6, and several other wells on the highest part of the 
structure, after passing through the lower zone of the “big gas horizon,” 
approximately from 1,700 to 1,750 feet, went directly into the “Big lime” 
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Fic. 1.—Cross section through Petrolia oil and gas field south to Halsell well, Clay 
County, Texas. Depths in feet. The exact character of contact of Ordovician and 
granite is unknown. 


and stopped after drilling a short distance into it. The Halsell well was 
drilled to a depth of 3,985 feet without encountering Ordovician rocks, 
but a significant feature in regard to this well is that the last 15 feet 
drilled was supposed to be a part of the Bend series.? This is the nearest 
well on the south side of the Petrolia field that has encountered the 
Bend, and, so far as is known, this formation is not present on the north 
side of the buried ridge. 

The line of contact between the Pennsylvanian and the underlying 
“Big lime” is unconformable, being very definitely marked in some wells, 
although in others, such as Byers No. 41, it is somewhat less definite. 
The fact that more complete cuttings have not been preserved from the 


«1B. H. Harlton, Amarada Petroleum Corporation, Tulsa, Oklahoma, personal 
communication. 


2]. A. Udden and D. MeN. Phillips, op. cit., p. 81. 
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deep wells is indeed deplorable; as a result, many geological problems are 
still unsolved in this part of the country. 


SURFACE STRUCTURE 


As in most fields where the surface rocks are a part of the Red-beds, 
plane-table mapping in the vicinity of Petrolia is not very satisfactory. 
It may be said, however, that the Petrolia dome, or anticline, as revealed 
on the surface, trends almost north and south and has a closure ranging 
from approximately 40 to 60 feet. One of the main features of the struc- 
ture is a pronounced nose on the northeast and a lesser nose on the north- 
west. By cutting its course through the middle of the field, Long Creek 
has given it the appearance of a truncated dome; for this reason it is im- 
possible to determine the exact amount of closure. 

There are two sandstone beds exposed in this area that have been 
used in mapping the surface. The higher bed is used as datum, as shown 
in Figure 2. These beds cannot be followed for any great distance, as 
they are either eroded or covered by mantle soil. The structure, however, 
is sufficiently revealed by local dips alone, without correlating the sand- 
stone outcrops; but a combination of the two gives a much clearer idea 
of its size, shape, and extent. Had these beds been more indurated, they 
might have formed a rim rock around the structure instead of occurring 
in isolated patches, as they do, on the flanks of the dome. 

In the area near the Petrolia field the dip of the rocks is in complete 
harmony with the structure, in that they dip away from it in all directions. 
Consequently, it would be difficult to name any particular direction as 
regional dip; but outside these environs, where the domes fail to exert 
their influence, it is the general opinion that a north dip ranging from 30 to 
40 feet per mile may be considered as normal. The field is located on a 
topographic “high,” and the reflection of the structure in the topography 
is a feature worthy of note. 


SUBSURFACE STRUCTURE 


The Petrolia field is one of several oil and gas fields in north Texas 
located on a long buried ridge, or chain of hills, that lies along the general 
course of Red River and is parallel to some extent with the Wichita- 
Arbuckle uplift in southern Oklahoma. This buried ridge is commonly 
known as the Red River arch, a zone in which lower Pennsylvanian and 
Mississippian formations seem to be absent on the high points of the 
buried hills and in which the Arbuckle or Ellenburger limestone is en- 
countered in wells at depths much less than in the surrounding country." 


« William Kennedy, private report. 
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F'rc. 2.—Surface and subsurface structure of Petrolia field. Surface (broken lines) con- 
toured on Red-beds; contour interval, 20 feet. Subsurface (solid lines) contoured on lower 
zone of “big gas’”’ horizon; contour interval, too feet. A, B, outcrops. Width of area mapped, 


approximately 5 miles. 
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The Red River arch seems to begin in northeastern Denton County, 
Texas, where the Blackstock well, near Pilot Point, encountered a heavy 
body of limestone that was supposedly Ellenburger at a depth of 1,480 
feet and drilled continuously in it to a total depth of 1,640 feet. A well 
5 miles north of Myra, Cooke County, Texas, penetrated limestone at 
1,640 feet and, according to Hager,’ was still in lime at approximately 
3,000 feet. Hager also states that Udden identified samples of limestone 
from this well as being of Ordovician age.? Since the comparatively recent 
discovery of oil in Cooke County, innumerable test holes have been drilled 
into this same limestone, and at several locations it has been definitely 
identified as Ellenburger. 

This zone of heavy limestones, sandy limestones, granite wash, and 
granite extends from these places in Denton and Cooke counties across 
northeastern Montague County, southern Jefferson County, Oklahoma, 
northern Clay County, and west through Wichita and Wilbarger into 
Foard County. Although most deep wells along the ridge have not been 
drilled through the “Big lime,” they have gone deep enough in sufficient 
number to encounter granite, granite wash, and schist, proving that the 
ridge has a core of igneous rock. These buried hills are an arch in the 
Arbuckle limestone which existed there before the overlying beds of 
younger age were deposited above and on the sides of the ridge. The fact 
that deep wells only short distances from the arch do not encounter the 
heavy beds of Ordovician limestone shows that the arch is very steep- 
sided and that it is somewhat steeper on the north. Beds lower than the 
Cisco formation, at Petrolia, are deposited against the sides of the arch 
and thicken considerably away from the crest. Deep wells drilled into 
these lower beds, around the edges of the Petrolia dome, have encountered 
thick bodies of sand that contain large quantities of water. 

Other major structural features closely related to the Red River arch 
are the Red River syncline, the Wichita-Arbuckle uplift, and Preston 
anticline. The Red River syncline lies between the Red River arch and 
the Wichita-Arbuckle uplift, with an almost due east-west axis. It 
extends from middle Jefferson County, Oklahoma, westward through 
Cotton and Tillman counties, Oklahoma. Because of the fact that beds 
of Canyon, Strawn, and possibly Bend age are deposited against the sides 
of the older rocks of the Red River arch, it seems certain that the arch 
was uplifted prior to Bend time. It is now generally accepted that the 
uplifting of the Wichita Mountains took place not later than Mississip- 

* Lee Hager, op. cit., p. 64. 


* Heath M. Robinson, op. cit., p. 202. 
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pian time,‘ or prior to the uplift of the Arbuckle Mountains. If the Bend 
formation lies unconformably on the south flank of the Red River arch, 
it is logical to assume that the uplifting of this arch was contemporaneous 
with that of the Wichita Mountains. 
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Fic. 3.—Sketch map of Oklahoma and part of Texas, showing relation of Red 
River arch to other major structural features. 


The Petrolia dome, or anticline, is very pronounced from a subsurface 
point of view, and dips sharply in all directions from its crest or axis. It 
is somewhat elliptical in shape and is approximately 43 miles long and 33 
miles wide at its longest and widest points. This rather abnormal width 
is due to nosing on the east side and also on the west, where the Petrolia 


t Frank Gouin, “The Geology of the Oil and Gas Fields of Stephens County 
Oklahoma,” Oklahoma Geol. Survey Bull. 4o-E (1926), p- 17. 
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structure joins that of the Martin gas field, which is considered a separate 
field on account of the synclinal condition between the two. 

The subsurface structure (Fig. 2) was mapped on the top of the lower 
zone of the “big gas horizon” which is found very,generally throughout 
the field at a depth of approximately 1,700 feet. As many of the sands 
in the Petrolia field are lenticular and discontinuous, it is necessary to 
classify them as “stray sands.” For this reason, correlations were made 
by grouping the different members of the “big gas horizon” rather than 
attempting to use any particular member of this or some other group. 

The average dip of the 1,700-foot gas zone is approximately 150 feet 
per mile, measured from the crest of the structure. This formation dips 
uniformly in all directions from the crest of the dome except toward the 
west. There it flattens because of a nose which connects it with the Martin 
gas field, as previously mentioned. Some of the wells in the Petrolia field 
have been drilled into the ‘‘Big lime,’’ but the dip of the lime is greater 
than that of the producing sands. The interval between the bottom of 
the producing horizon and the top of the “Big lime” ranges from almost 
nothing to 230 feet in wells that have reached the “Big lime’ on the 
dome proper. Outside the confines of the dome the lime is not encountered 
except in very deep wells, and in many places not at all. 


RESERVOIR ROCKS 


The producing horizons in the Petrolia field consist almost entirely of 
sands, although in some instances they are sandy shale. These sands are 
encountered at depths ranging from 150 feet down to approximately 
1,750 feet, and for convenience may be classed as shallow, middle, and 
deep sands. The shallow and middle producing sands are a part of the 
Wichita formation, and it is practically certain that the deeper production 
is from the lower part of the Cisco. 

Production from the shallow sands has been most consistent from 
depths of approximately 260 and 350 feet, but there are other inter- 
mittent sands, which, because of their lack of continuity, have to be 
classed as “stray.” This shallow horizon, although it has produced con- 
siderable oil, is of minor importance, and the area which it covers is 
small and confined to the highest part of the structure. No production 
from this level has been found in the outer parts of the field, and very 
little gas has accompanied the oil. 

The middle sands have been most productive at depths of approxi- 
mately 660 feet and 720 feet, and, as is characteristic of the entire produc- 
ing section of the field, there are several other sands contiguous to these 
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depths. Production from this group has never amounted to very much 
and has consisted almost entirely of oil with small amounts of gas. The 
middle sands are productive only in a small area on the top of the dome; 
in this respect they are similar to the shallow sands. 

The deep sand horizon, by far the most important in the field, ranges 
in depth from 1,500 feet to 1,750 feet and is made up of two main produc- 
ing groups of sands, one at an average depth of approximately 1,550 
feet and the other at 1,700 feet. These sands are lenticular and cannot 
be traced for any great distance, but, by grouping the different members, 
it is possible to get a zone that is fairly uniform throughout the field. 
This is what is generally known as the “big gas horizon,” and from it 
has come all the gas of commercial importance and a large part of the oil. 
A few lenticular sands encountered at depths less than 1,500 feet have 
been productive, but as a general rule production did not continue and 
was of little value. As an example Miller No. 9, on the south side of the 
field, found gas at a depth of 1,130-1,133 feet. The flow was estimated as 
varying from 10,000,000 to 15,000,000 cubic feet, but a well was never 
completed in this particular sand. Miller No. 8, same lease, made a seem- 
ingly good well in a stray sand from 1,382 to 1,400 feet but lasted only a 
short time. The significant fact about these showings is that they were 
not present in any of the adjacent wells, thus proving the lenticular 
nature and discontinuity of some sands in the field. 

An explanation of the discovery of gas in large quantities in these 
stray sands probably lies in the fact that there is no definite cap rock in 
the Petrolia field. Formations above the “big gas horizon” consist chiefly 
of clays, shales, and sands; consequently, there may have been consider- 
able seepage of gas from lower to upper sands. Especially is this true in 
the innumerable wells that were carelessly drilled, permitting gas to 
escape from lower sands. The manner in which this occurs is shown by the 
recent action of Skelly No. 5, on the south side of the field. This well was 
abandoned in September, 1923. In March, 1928, it began to show gas, 
and upon being cleaned had an open flow of approximately 25,000,000 
cubic feet of gas from an upper sand that evidently showed no gas when 
the well was drilled. Within a period of two weeks the gas had decreased 
to less than s00,000 cubic feet and gradually ceased again. 


RELATION OF ACCUMULATION TO STRUCTURE 


Had the Petrolia field not been discovered until several years later 
than it was, there is no doubt that its discovery would have been due to 
the science of geology rather than to accident, as was stated in a fore- 
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going paragraph. Nevertheless, there is probably not a more perfect 
example, in that part of the country, of geological structure being the 
cause of accumulation of oil and gas. This is true, despite the many fields, 
located on favorable structure, that have since been discovered in the 
general area of northern Texas and southern Oklahoma. The fact that 
the Petrolia structure is a dome of symmetrical proportions, on a buried 
ridge of older rocks, causes it to be an ideal illustration of the relation of 
the accumulation of petroleum to structure. 

A comparison of the surface and subsurface maps of the Petrolia dome 
shows them to be very similar in size and extent and quite typical of the 
buried-hill type of structure. The greatest difference is that the subsur- 
face is much more steeply folded, having a closure of 150 feet or more; and 
erosion of the only beds that can be used for mapping, from the crest of 
the fold, has made it necessary to estimate the surface closure as between 
40 feet and 60 feet. Another decided feature is a distinct surface nose 
toward the east and northeast that does not seem to be reflected to any 
appreciable extent in the lower beds. On account of the symmetrical 
proportions of the structure and pressure of the gas the encroachment of 
water has-been sure, but gradual, on all sides of the field. At present the 
main producing horizon is almost entirely flooded, and the only remaining 
oil or gas that is free from water is contained in lenses at higher levels, 
having escaped, very probably, from the big sands below. 

In regard to buried hills and petroleum accumulation, Powers" says: 

Petroleum accumulates in structural reservoirs which are usually located in 
regional synclinoria. In regions of extremely gentle folding such as the Mid- 
Continent, the major structures are found to have some special cause for exist- 
ence, usually they overlie buried hills, and it is these structures in which petrole- 
um accumulation is at a maximum or else entirely lacking. 


The Petrolia field is a structure of this particular type in that it overlies 
the buried hills of the Red River arch. Here the petroleum-bearing 
horizons extend across the summits of the buried hills, and the deeper 
sands are deposited against the flanks and are filled with water. The 
buried hills themselves are not known to contain oil or gas, and it is 
probable that they do not. However, only one well, Byers No. 41, has 
penetrated the entire section of Ordovician rocks at Petrolia, and it is 
not located on the crest of the structure. 

Two important questions regarding any productive area are: ‘Where 
did the oil and gas come from?” and “How did it get there?” It is known 
that the Bend formation, a prolific producer in central and north-central 


« Sidney Powers, of. cit., p. 258. 
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Texas, underlies a vast expanse of territory south of the Red River arch. 
Also, this formation is supposed to compose the last 15 feet of section in 
the Halsell well, 18 miles southwest of Petrolia. It would be natural, 
therefore, to suppose that the Bend formation is deposited against the 
south flank of the arch but becomes thinner and finally disappears toward 
the north. This is substantiated by the fact that there is no Bend on the 
north flank of the arch, so far as is known, inasmuch as no wells have en- 
countered it. The presence of an unconformity between the “Big lime”’ 
of the buried ridge and the overlying beds offered a passage for any oil or 
gas escaping from the Bend and seeking higher levels. It seems reason- 
able, therefore, that oil or gas from the Bend may have migrated up this 
unconformity and lodged in the catchment areas of such structures as 
Petrolia, Burkburnett, and Electra.? This theory will no doubt be ques- 
tioned by some, but in the light of present available information it seems 
to be a logical explanation of the source of accumulation in these fields. 
From what has been stated in this paper, it is seen that the Petrolia 
dome would never have existed had it not been for the Red River arch; 
also, that as a result of the formation of this structure, a perfect catch- 
ment area for oil and gas was formed at this place on the arch. Therefore, 
in conclusion, it may be stated that the presence of oil and gas in this 
field should be credited to geologic structure and that structure was the 
direct cause of the accumulation of petroleum in the Petrolia field. 
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WILLIS STORM? 
Dallas, Texas 


ABSTRACT 


Oil-producing conditions in this shallow field are typical of those existing in other 
fields in this part of Brown County, Texas. The sand producing the high-gravity oil 
from a depth of about 1,300 feet is lenticular. It is stratigraphically located about 50 
feet below the unconformity between the Canyon and Strawn formations of lower 
Pennsylvanian age. The interruption of the normal northwest dip found in this field is 
thought to be due more to differential settling than to folding or faulting. Contour 
patterns based on the top of the Palo Pinto limestone and on the top of the producing 
sand are shown to bring out the conclusion that contours based on the top of a lenticular 
sand body do not show the true deformation but, instead, show only the shape and ex- 
tent of the sand body. Porosity and the amount of true sand in the producing horizon 
have been the most important factors in the accumulation here. Structural deformation 
is considered secondary. 


For many years, Brown County in central Texas has been a Mecca for 
independent oil operators who desired shallow oil production at a mini- 
mum of expense, and a great many wells—both shallow and deep—have 
been drilled. However, in the last two years considerably more attention 
has been given this district, owing to the surprisingly large amount of 
high-gravity oil produced from a sand at a comparatively shallow depth. 
The Cross Cut pool development brought forth considerable comment 
on the initial productions of some of the wells; but when the Fry pool was 
developed, the eyes of the oil men began to open wider at the sight of wells 
producing 2,000 barrels daily of 42° Bé. gravity oil from a true sand at a 
depth of approximately 1,300 feet below the surface. 

It is the purpose of the writer to describe the detailed geologic features 
of the Smith-Ellis pool, which is a little more than a mile northeast of the 
Fry pool and which was discovered after the Fry producing area was out- 
lined. Both fields are approximately 15 miles northwest of Brownwood, 
the county seat of Brown County (Fig. 1). 


HISTORY 
On March 7, 1927, Rosenfield e¢ al. (afterward incorporated as the 
“Forest Oil Company”’) brought in their Davis No. 1 well with an initial 
production of about 4o barrels from 5 feet of Fry sand from 1,276 to 1,281 
' Manuscript received by the editor, May 15, 1928. 2 4501 Livingstone. 
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feet in depth. The location of the well was on a slight surface nosing (Fig. 
2) and proved to be at the extreme northeast edge of the later-developed 
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pool. Previous to the drilling of the Davis well, Rosenfield ¢¢ al. had 
drilled their Smith No. 1 well southwest of the Davis well and had found 
a good showing of oil in the Fry sand but were unable to make a producer. 
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After the Davis discovery they moved south of the Smith No. 1 for their 
Smith No. 2 well, which proved to be the opening of the main part of the 
pool. Subsequent drilling has shown that the Smith No. 2 was on the 
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Fic. 2.—Map showing relation of surface structure to production. Surface struc- 
ture by Hudnall and Pirtle. Contoured on Breckenridge limestone. Contour interval, 
10 feet. Datum, sea-level. 


extreme west edge of the pool and that if it had been drilled one location 
farther west it is probable that the discovery would have been postponed 
indefinitely. 
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Rapid development followed and 131 producing wells have been 
drilled to date. Dry holes have practically outlined the pool, and only a 
few inside locations are left to be drilled. 


SURFACE GEOLOGY 


Limestones, thin sandstones, and shales belonging to the Harpers- 
ville formation of Cisco (upper Pennsylvanian) age are exposed in the 
area. The Breckenridge and Saddle Creek limestones, excellent datum 
beds, were used in mapping the surface structure. 

As will be noticed on the map made by Hudnall and Pirtle (Fig. 2), 
the surface structure consists chiefly of normal northwest dip with slight 
nosings or flattenings and small shallow synclines. It is interesting to 
observe that the pool is located almost entirely in one of the synclinal 
areas of the surface structure. Surface structure of the district is con- 
sidered to be of little value in the present prospecting activities, since 
more subsurface information is available. In general, the producing struc- 
ture does not correspond with the surface structure. 


SUBSURFACE GEOLOGY 


In most of the wells in the field, the first formation encountered is 
slightly above the Breckenridge limestone. Approximately 280 feet of 
the Cisco formation of upper Pennsylvanian age overlies 970 feet of the 
Canyon formation, consisting of thicker beds of limestones and shales, 
with few, if any, sandstones. Next, the Strawn formation, 580 feet in 
thickness, consisting mostly of shales with several lenticular sandstone 
horizons, overlies the Caddo limestone, or Bend, of lower Pennsylvanian 
age. The Cisco formation is considered to lie unconformably on the Can- 
yon section, and the Canyon in turn unconformably on the shallower- 
water deposits of the Strawn formation. The Canyon-Strawn uncon- 
formity is placed at the base of the Palo Pinto limestone. In the Smith- 
Ellis pool the hiatus is considered to be more of a disconformity, as com- 
paratively little difference in the thickness of the Palo Pinto limestone 
or the Strawn formation is observed in this local area. The Fry sand, 
which is decidedly lenticular, is generally found between 60 and 100 feet 
below the base of the Palo Pinto limestone (Fig. 3). 

The top of the Palo Pinto limestone was used as the contour datum in 
mapping the structure of the field (Fig. 4). The selection of this datum 
on which to interpret the structure was made for three reasons. 1. It is 
the nearest competent bed to the oil-producing horizon and directly above 
the disconformity. 2. In comparing the sand-thickness map (Fig. 8) and 
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the contour map, using the top of the sand as 
datum (Fig. 7), it is found that the thicker parts of 
the sand lens generally underlie the “highs” that 
are contoured on the sand-top, datum and that the 
thinner sand areas are beneath the “lows’’; for ex- 
ample, using Cranfill and Reynolds’ Smith No. 11 
and the Shelby Oil and Gas Company’s Ellis No. 17 
wells, there is a difference of 12 feet in the datum 
points and only 5 feet in the recorded sand thick- 
ness, Showing a contoured “low,” whereas on the 
top of the Palo Pinto limestone there is apparently 
a small “high.” 3. In using the top of a known 
lenticular sand, one does not know which part of 
the sand has lensed out or thickened, as the case 
might be. The cross sections (Figs. 5 and 6) show 
this condition. It is true that a general similarity of 
contour patterns is obtained by using the limestone 
and sand data, but the details are important for 
true structural interpretations, and a limestone 
datum seems preferable. It is also true that in the 
drilling of the wells furnishing the necessary data, 
a steel-line measurement was seldom made until the 
top of the sand was encountered, thus allowing con- 
siderable room for errors in recording the top of the 
Palo Pinto limestone. However, most of the drillers 
recognize the hard lime above the sand, and it is 
doubtful if any great errors exist. As there is no 
way of correcting these errors in measurement, the 
geologist must take the data as offered. 

In general, the subsurface structure as shown 
by contours (Fig. 4) and by cross sections (Figs. 5 
and 6) may be interpreted as a flattening of the 
normal northwest dip of 80 feet to the mile. In de- 
tail, however, the irregular contour pattern through- 
out the producing area suggests that differential 
settling, rather than folding, may have been the 
more direct cause of the interrupted normal dip, 
and that the sand body may have been the con- 
trolling factor of the settling. Subsurface work on 
the Palo Pinto limestone east and southeast of this 
local area has shown that there is a definite small 
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regional northwest-plunging nose, the axis of which, if projected, 
would pass through the Smith-Ellis pool; but from present data 
this small regional nose seems to have disappeared along the pro- 
jected axis and little, if any, indication of it is present where it would be 
expected on the west or northwest side of the pool. If there had been any 
true local folding here, it would seem that (1) the contour pattern would 
be more regular in design, (2) it would have affected a larger area, and 
(3) larger regional deformation would be present. Even assuming that 
many of the irregularities shown could be explained by corrected measure- 
ments on top of the Palo Pinto limestone and by corrected surface eleva- 
tions, the picture would still resemble the results of folding less than it 
does now. Lacking any direct evidence, let us assume that the irregu- 
larities have been caused by small faults. If so, we should find some area 
not far removed in which considerable folding, or faulting, or both, is in 
evidence. If the forces which caused the folding of the Bend arch on the 
east were far-reaching enough to cause local faulting so far from their 
greatest intensity, it would seem likely that comparatively large folds 
would be found in the Palo Pinto limestone and in the Strawn formation 
below. There is no evidence of these folds, although the small regional 
fold of the Palo Pinto previously mentioned as plunging northwest in 
the direction of the Smith-Ellis pool is underlain by a slightly more intense 
nosing of the Caddo limestone (top of the Bend). It is very possible that 
minor flexures having their origin contemporary with the larger Bend 
arch on the east could have had some effect on such local areas as the 
Smith-Ellis field; but it is thought by the writer, with the concurrence of 
other geologists who have done considerable work in this district, that 
differential settling has had more to do with the seeming deformation of 
the local areas than has true folding. 

The Strawn formation, in Brown County, is a comparatively shallow 
sea deposit, consisting principally of calcareous shales, some thin lime- 
stones, and fairly regularly spaced sandstone and sandy horizons, of 
which the Fry oil-sand zone is one, occurring between 60 and roo feet 
below the top of the formation. The sandstone and sandy horizons— 
particularly the Fry—are typically lenticular. In the Smith-Ellis pool, 
the Fry sand lens (Fig. 8) has an irregular thickness ranging from 1 foot 
to 30 feet. Considerable calcareous material is present in the sand body, 
and in places the sand as logged is in fact largely limestone with a small 
percentage of siliceous material. In other wells, however, fine, pure quartz 
sand is drilled, and it is from these wells that the largest initial production 
of oil is obtained. This grading of sand into limestone is a characteristic 
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of the Fry sand horizon. In many wells around the edge of the sand body, 
red or brown shales are found at the expected sand horizon. The shape, 
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Fic. 8.—Fry sand-thickness map. 


irregular thickness, calcareous content, and fine, even-grained lithologic 
characteristics suggest that the sand deposition occurred in much the 
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same manner as our present-day spits are formed in coastal marshes. 
Hubbard and Thompson! well described similar conditions of deposition 
of the principal oil-producing sand in Archer County, Texas. 


RELATION OF STRUCTURE TO ACCUMULATION 


Structural deformation, whether caused by differential settling, as 
suggested to be more probable by the writer, or by folding, seems to have 
been only an indirect cause of the accumulation of oil in this field, since 
the amount of oil produced evidently depends more on other factors, such 
as the porosity (depending on the siliceous content of the reservoir and its 
thickness), than on structural position of the individual wells. By compar- 
ing the initial production (Fig. 9) with the sand-thickness map (Fig. 8) 
and the subsurface map (Fig. 4), it will be seen that the large area of 
greatest accumulation is somewhat down the normal flank of the locally 
closed “high” and partly within the area of 20- to 30-foot sand thickness 
and partly in the adjoining thinner sand area. Other rich spots are ob- 
served on small “highs” and in local synclinal areas. 


PROBABLE ORIGIN OF THE OIL 


In the opinion of the writer, the oil in the Smith-Ellis field probably 
originated close to where it is found, the shales of the Strawn formation 
which enclose the sand lens being the source. As brought out by Hubbard 
and Thompson,” the compacting forces exerted during the period of prob- 
able differential settling literally “squeezed” the oil, with connate water, 
from its source into the sand reservoir around which the settling took 
place. As to whether the migration of the oil was upward or downward 
into the reservoir, little evidence can be offered. However, it is not 
thought probable that faulting has aided the process of migration. 


PRODUCTION 


Since the Davis discovery well was put on the pump, the total amount 
of oil produced to January 1, 1928, was approximately 846,660 barrels 
from 366 productive acres and 131 wells, or an average yield of 2,332 
barrels per acre. The initial productions ranged from 5 to 1,900 barrels 
per day, and the average initial production per well computed from 109 
wells was 285 barrels. Depths to the sand range from 1,270 to 1,400 feet 


1 W. E. Hubbard and W. C. Thompson, ‘‘Geology and Oil Fields of Archer County, 
Texas,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 10 (1927), p. 467. 
2Op. cit. 
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below the surface. The peak of daily production for the field, reached 
during October, 1927, was 8,300 barrels. The average daily production 
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in January, 1928, was approximately 3,600 barrels. A casinghead— 
gasoline plant is in operation in the field, taking gas which, from some 
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wells, contains 4 gallons of gasoline to 1,000 cubic feet of gas. The average 
gasoline content, however, is about 2 gallons. 

Little is known of the reservoir" pressure of the wells in the field, but 
the production of both oil and gas has fallen off rapidly since the wells 
ceased flowing, which condition, according to a recent article by Heroy,? 
reduces the reservoir pressure in a lenticular sand body to approximately 
zero when the gas pressure is off the field. 

A chemical analysis of the oil is given in Table I. 


TABLE I 


ANALYSIS OF CRUDE O11, SMITH-ELLIs Fre_p 


Percentage | (pegreey AP.) 
Crudetoil eerie Coe cee | dee ace nee AQT 
Nap hthiaeesant me orien snes 44.6 58.9 
WeEWibitess seem. costs eye Bau 40.7 
GaStOll lta se tetas taster oGs it ly] Oi Tt 
Bottoms screenees cto: neste es 26.0 23.7 
SOSS rape ae ei ears iss cuatectiavate ANE Oa Mn hes oro coer 
Bottom settling and water.... INO edo ae gaan cele 
Sulphiulteyyees shear. heat OpLOe Mb laiecs cia naearacts.c 


WATER ENCROACHMENT 


The present water level of the field is about 160 feet above sea-level, 
and the encroachment is slow. An interesting fact brought to the writer’s 
attention by W. L. Goldston$ is that the water level in the Smith-Ellis 
field is approximately 30 feet higher than in the Fry field on the south- 
west and 30 feet lower than in a recently discovered producing area the 
same distance northeast. Complete water data have not been compiled. 


OPERATIONS 


Most of the wells in the field were drilled with the ‘‘spudder,” a small 
cable-tool machine operated by a gasoline engine, admirably fitted for 
the shallow producing areas where considerable limestone is encountered. 
Some larger machines were used, but few derricks and standard rigs are 
in evidence. After the wells cease flowing, 2-inch tubing is run and the 
wells pumped by jacks operated from central-power pumping plants. 
Casing used in the wells includes 700 or 800 feet of 10-inch and 1,100 or 


« W. B. Heroy, “Rock Pressure,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 12 (1928), 


p. 383. 
2 Thid. 3 Personal communication. 
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1,200 feet of 84-inch, and 62-inch is set on top of the sand. In some wells 
the 62-inch casing is cemented on top of the sand; in other wells both the 
81- and 63-inch strings are left in the hole. Either method seems suitable 
to protect the sand from top water. 
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SYNCLINAL OIL FIELDS IN SOUTHERN WEST VIRGINIA! 


RALPH E. DAVIS? anp EUGENE A. STEPHENSON? 
Pittsburgh, Pennsylvania 


ABSTRACT 


Even though West Virginia is the state where the-anticlinal theory received its 
earliest practical application, later developments have proved that the state also con- 
tains the outstanding examples of synclinal oil pools. This is especially true in the 
southern part of the state, where such important synclinal pools as the Tanner Creek 
field of Gilmer County, the Rouzer pool and the recent Granny’s Creek pool of Clay 
County, a part of the Blue Creek and Clendenin pools of Roane and Kanawha coun- 
ties, and the Big Creek pool of Lincoln County are located. In the central part of the 
state the Copley field of Lewis County and the Wolf Summit fields are the major syn- 
clinal fields. Some of the synclines are closed structures; others are open. 

The following are the important sands which produce oil from synclines: Maxon, 
Keener,Berea, Big Injun, Weir, and Gordon. 


- Synclinal oil production is known in several localities in the United 
States, but within the Appalachian area of West Virginia many such pools 
occur. Descriptions of several of these fields have appeared from time to 
time in the publications of the West Virginia Geological Survey. The 
structure is ordinarily mapped on one of the widespread coal seams as a 
key horizon. 

Three synclinal oil fields in the southern part of the state are de- 
scribed herewith, and maps showing the subsurface structure are pre- 
sented. The producing horizon in each field is used as the key bed. 


GRIFFITHSVILLE FIELD 


The Griffithsville oil field in Lincoln County, West Virginia, about 
18 miles southwest of Charleston, was discovered in 1908 by the Big 
Creek Development Company. The major part of development took 
place rapidly, and the peak of production was soon reached, but the wells 
proved to be long lived, and after 20 years the field, which covers prac- 
tically 20 square miles, is still producing about 2,000 barrels of oil per 
day from approximately 550 wells. The Berea sandstone, about 23 feet 

1 Read before the Association at the Tulsa meeting, March 25, 1927. Manuscript 
received by the editor, June 1, 1928. 

2 Room 1710, Union Bank Building. 
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Fic. 1.—Map showing subsurface structure of Big Creek, or Griffithsville, pool, Lincoln 


County, West Virginia. Contours drawn on top of the Berea sandstone. 
val, 20 feet. All contours below sea-level. 
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thick, is the main oil-producing stratum; it is nearly white in color, fine- 
grained, hard, and so closely cemented that no very large wells have ever 
been completed in it. Even though the wells are relatively small and had 
initial productions which ranged from but 20 to 75 barrels per day, they 
have maintained a settled rate of production for many years. Practically 
all of the wells drilled at the time when the field was flush are still produc- 
ing. The yield per acre has been about 1,400 barrels, but the porosity of 
the sand, its thickness, and the daily rate of production per well indicate 
that considerable oil can still be recovered before air- and water-flooding 
become necessary. Practically no water is produced with the oil. 

The structure of the field is definitely synclinal, but the amount of 
actual closure does not exceed 20 feet, with its major axis trending north- 
east by southwest; the syncline is in general spoon-shaped. At the bottom 
of the structure, where the most prolific area is found, the Berea sand- 
stone lies 1,480 feet below sea-level. Oil extends up the sides of the basin 
to approximately 1,400 feet below sea-level, at which elevation important 
gas production occurs. The area of gas production nearly surrounds the 
oil pool, and the gas territory extends southeast almost to the crest of the 
Warfield anticline and southwest to the Branchland anticline. It con- 
stitutes one of the major gas-producing areas of the state (Fig. 1). 


TANNER CREEK FIELD 


The Tanner Creek oil field, which was opened in 1918, is in the De- 
kalb district of Gilmer County. Gas and oil had been found previously in 
scattered wells in this area in both the Big Injun and Berea sands, and 
gas showings which had been encountered in the Maxon sand had been 
regarded as of little significance. The completion of a well in the Maxon 
sand, making 120 barrels of oil per day at a depth of 1,700 feet, stimulated 
active development in the area; and the limits of the field were soon de- 
fined, At present about 200 wells are making, on an average, 19 barrels 
per day. 

The pool is located in a small basin along the major axis of the Robin- 
son syncline, which, like other anticlinal and synclinal axes in West 
Virginia, is somewhat undulatory in character. At the site of the Tanner 
Creek pool, the axis is much higher than toward the northeast and south- 
west. The structural position of the pool is analogous to that of a small 
sink hole situated along the divide at the head of two valleys. Several 
small closed basins occur in the field, and the largest wells have been 
completed in these smaller basins. It is the most important oil field in the 
state producing from the Maxon sand (Fig. 2). 
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Fic. 2.—Map showing subsurface structure of Tanner Creek pool, Gilmer County, 
West Virginia. Contour interval, 5 feet. Contours drawn on top of Maxon sand. All 
contours below sea-level. 


SE 


SYNCLINAL OIL FIELDS IN SOUTHERN WEST VIRGINIA 
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have all been small and the productive area limited to about 4 square 
miles. However, operations in this pool made it possible to prepare, in 
1923, a detailed subsurface map of the area, contoured on the Keener 
sand; and the results indicated a possible extension of the producing area 
toward the northeast, beyond the closed area, to a point where the axis 
of the syncline plunged downward again. Prospecting in this direction 
was followed by the development of a second pool, which has been called 
the Granny’s Creek pool. 

Production in the Granny’s Creek pool, which also produces from 
the Keener sand, is obtained at depths which range from 1,600 to 2,000 
feet. The initial production of wells ranges from 30 to 50 barrels per day. 
The sand is about 25 feet thick. The limits of the field are not yet defined 
(Fig. 3). 

WATER CONDITIONS 

The Berea sand is characteristically free from water, and in the Grif- 
fithsville syncline wells in the very bottom of the trough produce no 
water.! In the Big Injun horizon, the sand of one syncline near Clendenin 
is saturated with water and no commercial oil is obtained. In Clay Coun- 
ty, where the Granny’s Creek synclinal pool is located, the Big Injun is 
free from water. Several of the pools farther north, such as those along 
the Robinson synclines, are also free from water. No special explanation 
for the occurrence of oil under these conditions is needed, since it is in 
accord with the theory of oil accumulation as announced long ago both by 
White and by Hunt. However, we are confronted with the need of some 
adequate explanation for the absence of water in these sands. 


* The field men state that if the wells made a little water it would help to clean the 
sand. 


ELK BASIN OIL AND GAS FIELD, PARK COUNTY, 
WYOMING, AND CARBON COUNTY, MONTANA? 


JOHN G. BARTRAM? 
Denver, Colorado 


ABSTRACT 


_ The Elk Basin oil and gas field on the state line between Wyoming and Montana 
is on a large anticline in formations of Upper Cretaceous age. Oil production comes 
from sands in the Frontier formation, and gas from the sands of the Dakota group. The 
structure is broken by three sets of normal faults with displacements ranging from a few 
feet to 700 feet. The south end of the field is an excellent example of the accumulation 
of oilin fault blocks. The field was discovered in October, ro15, and the total production 
to January 1, 1927, was 8,120,000 barrels. The field is now being revived with a unified 
gas drive. There are untested possibilities for oil and gas in deeper formations. 


INTRODUCTION 


This report on the Elk Basin field, in Park County, Wyoming, and 
Carbon County, Montana, is largely compiled from the work of several 
other geologists, who followed the development of the field and who pre- 
pared reports for the Midwest Refining Company and other companies. 
In particular, the work of E. L. Estabrook and H. T. Morley is acknowl- 
edged, but credit is also due to several other geologists. 

The Elk Basin oil and gas field has not been described in detail, al- 
though reference has been made to it in numerous publications. The 
anticline was located and discussed in several coal reports of the U. S. 
Geological Survey? before it was drilled for oil. A paper by Estabrook4 
described the faulting and its relation to production. 


« Presented before the Association at the Tulsa meeting, March 26, 1927. Manu- 
script received by the editor, August 12, 1928. Published by permission of the Midwest 
Refining Company. 

22555 Clermont St. 

3C. A. Fisher, ‘Coal of the Bighorn Basin in Northwest Wyoming,” U.S. Geol. 
Survey Bull. 225 (1904), pp. 345-64; C. A. Fisher, ‘Development of the Bear Creek 
Coal Fields, Montana,” ibid., No. 285 (1906), pp. 269-70; C. W. Washburne, ‘‘Coal 
Fields of the Northeast Side of the Bighorn Basin, Wyoming, and of Bridger, Montana,” 
ibid., No. 341 (1909), Pp. 165-99. 

4. L. Estabrook, “Faulting in Wyoming Oil Fields,” Bulletin Amer. Assoc. Petrol. 
Geol., Vol. 7, No. 2 (March-April, 1923), P- 95. 
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PHYSIOGRAPHY 


Elk Basin is a natural basin or park, surrounded by rough sand- 
stone hills ranging from 400 to 500 feet in height. The softer and less 
resistant Cody shale is exposed on the axis on the high part of the anti- 
cline and has been eroded to form the basin, but the harder sandstones of 
the Eagle and Mesaverde formations have produced an escarpment or 
rim rock that dips away in all directions. The central part of the field is 
rolling, fairly level ground, but the south end and sides are rough and 
rather inaccessible. 

Elk Basin is in the north end of the Big Horn Basin, one of the main 
physiographic units in Wyoming, and is about equally distant (25 miles) 
from the Beartooth Mountains on the west and the Big Horn Mountains 
on the east. In both these ranges all the sedimentary formations crop 
out at elevations higher than the field. 


HISTORY 


The first well in Elk Basin was completed in October, 1915, by Jim 
Hurst e¢ al., who later organized the Elk Basin Petroleum Company, 
which merged with the Mutual Oil Company and later with the Conti- 
nental Oil Company. The well was located by C. A. Fisher and found oil 
in the First Wall Creek sand. Fisher had previously shown the anticline 
on coal maps of the U. S. Geological Survey. The entire development of 
the field has been under advice of the geological departments of the several 
companies interested. 

Recently, when the field had reached a low production, a unified gas 
drive was started, which is being carried out under the direction of 
production engineers. 

STRATIGRAPHY 

The stratigraphic section of this area has been amply described in 
many publications and need not be repeated in detail. 

The Mesaverde and Cody formations are exposed at Elk Basin. The 
surface mapping was done on the Eagle sandstone in the upper part of 
the Cody shale and on the lowest sandstones in the Mesaverde formations. 
These beds are easily mapped and furnished excellent control, particularly 
in the study of the many faults. The outcrops along the top of the anti- 
cline are soft shale and cannot be mapped with any certainty, so that the 
central part of the field has been detailed entirely on subsurface beds. 

*D. F. Hewett, “Geology and Oil and Coal Resources of the Oregon Basin, 
Meeteetse, and Grass Creek Basin Quadrangles, Wyoming,” U. S. Geol. Survey Prof. 
Paper 145 (1926), p. 11. 
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The two important subsurface key 
beds are the First and Second Wall Creek 
sands in the Frontier formation. All the 
producing wells have drilled to one or 
both of these horizons. As there are no 
sandstones in the shale above the First 
Wall Creek sand, its identification is very 
positive. The First sand contains much 
sandy shale, is fairly thick, and irregular, 
so that its exact top or bottom is indefi- 
nite in many wells. The Second sand is 
a thinner but more definite and regular 


bed; therefore it has been used for con- 


touring subsurface maps. 

The Cody shale, as shown by wells at 
Elk Basin, has a thickness ranging from 
1,100 to 1,800 feet above the First sand. 
The shale is laminated. Its color ranges 
from dull blue to dark gray or olive gray. 
Marine fossils are fairly plentiful, and 
Foraminifera and prisms of Inoceramus 
shells can be found in most well samples. 
The First Wall Creek sand is composed 
of shaly sandstone and sandy shale rang- 
ing from 75 to 1oo feet in thickness. Be- 
low it there is approximately 135 feet of 
blue shale to the top of the Second Wall 
Creek sand, a clean, uniform sandstone 
approximately 4o feet thick that has 
produced most of the oil in the field. 
About 200 feet below the Second Wall 
Creek sand is the so-called “Third Wall 
Creek” sand, which is merely a zone of 
sandy shale that is very irregular but has 
given showings of oil and gas. 

Approximately 1,000 feet below the 
Second Wall Creek sand is the Dakota 
or Cloverly group of coarse sandstones, 
conglomeratic in places. These good res- 
ervoir beds directly underlie the marine 
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Cretaceous shales and are producing gas at Elk Basin. The exact thick- 
ness of sand in the Cloverly group is unknown, since it has not been fully 
penetrated in any well, but the thickness probably exceeds 100 feet. 

Beneath the Cloverly the formations have not been penetrated, but 
the Morrison, Sundance, Chugwater, Embar, Tensleep, and Amsden 
formations will be found in regular order. The Morrison consists of ap- 
proximately 375 feet of purple, reddish, and green-gray shale with some 
interbedded, irregular sandstones that might produce gas or even oil. 
Beneath these are the greenish-gray shales and sandstones with a little 
marine limestone of the Jurassic Sundance formation, 550 feet thick, 
which has recently become an important producer in other fields in 
Wyoming and Colorado. The next formation is the Chugwater of Triassic 
age, about goo feet of red beds, which are practically of no significance 
for oil. The next lower beds are the relatively thin Embar limestone, 
Tensleep sandstone, and Amsden limestones, sandstones, and red beds, 
170, 210, and 300 feet thick, respectively. The Embar and Tensleep of 
Carboniferous age produce black oil in central and northern Wyoming 
and may be productive at Elk Basin. 

Oil and gas in commercial amounts have been developed in the First 
and Second Wall Creek sands, and gas in the Dakota or Cloverly group 
of sands. The lower formations are still untested, but it is probable that 
some of them will produce gas or oil. The sands of the Morrison and 
Sundance formations are very probably gas-bearing, and the Embar and 
Tensleep formations may contain either black oil or gas. 

The various sandstones deposited in the Cretaceous sea had their 
source on the west and were spread out as great sheets that extend from 
New Mexico and Colorado on the south far into Canada on the north, 
Toward the east all of them, except those of the Dakota or Cloverly 
group, thin and disappear at different points. The Dakota or Cloverly 
sandstones were the basal sandstones of the invading Cretaceous sea and 
were deposited throughout almost all the Rocky Mountain area. 

At Elk Basin all the formations are fairly competent, so that the 
folding and faulting have occurred with almost no distortion of the beds, 
Even the thick Cretaceous shales have been folded evenly and have 
proved quite competent. 

SURFACE STRUCTURE 


In Wyoming, all the main mountain ranges are large eroded anticlines 
or faulted anticlines, and the intervening basins are vast synclines. The 
Big Horn Basin is a syncline more than 150 miles long by 70 miles wide 
and is between the Big Horn Mountains, a large anticline, on the east, 
and the Beartooth and Absaroka ranges, a more complex system of fold- 
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ing, thrust faulting, and volcanics, on the west. Around the edges of the 
basin are many smaller anticlines, whose axes nearly parallel the mountain 
folding. The regional relations can be studied best on the new Geologic 
Map of Wyoming, published by the U. S. Geological Survey. Practically 
all the folding occurred at the close of Cretaceous time and was accom- 
plished by a great thrust movement from the west, as evidenced by the 
many faults that overthrust from the west in western Wyoming, Idaho, 
and Montana. West of Elk Basin, the Hart Mountain overthrust pushed 
outward for many miles and left Paleozoic limestones on top of Upper 
Cretaceous coal-bearing rocks. 

The Elk Basin anticline is on the east side of the Big Horn Basin, 
near its north end. It is on the east side of the major syncline, and the 
normal dip is 5°-10° SW. The long axis of the anticline extends northwest 
and southeast. It is symmetrical, and the dips on both the northeast and 
southwest flanks range from 10° to 24°. The steepest dips are in the north- 
east quarter of Sec. 24, T. 58 N., R. 99 W. The closure of the structure in 
the area mapped is at least 800 feet, but the total closure is probably 
two or three times that amount. The limiting syncline is on the east, 
where the structure has not been mapped in detail and where much of the 
geology is obscured by recent gravels. The area within the closure is 
much more than 4 square miles, and the area from which oil could ac- 
cumulate is roo square miles. 


SUBSURFACE STRUCTURE 

The subsurface structure conforms to that on the surface as nearly as 
can be determined. 

The structure of the top part of the anticline can not be mapped in de- 
tail on the surface or on the First Wall Creek sand, so that the only accu- 
rate maps are on one horizon, the Second Wall Creek sand (Plate 1). If 
many wells are drilled to the Dakota in the future, it should be possible to 
determine whether there is convergence of beds; but none is expected. The 
axis of the anticline is so broad and the dips on the sides so gentle that the 
subsurface axis appears to be directly beneath the surface axis and the 
axial plane must be nearly vertical. 

The deformation took place at the close of Cretaceous time, when all 
the formations in Wyoming and adjacent areas were subjected to lateral 
compression, which originated on the west. 


FAULTING 
The Elk Basin anticline is broken by three distinct sets of normal 
faults and is perhaps the best place in Wyoming to study faults and their 
relation to oil and gas accumulation. They have been described by Esta- 
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brook,? Irwin,? and Washburne.3 Two series of the faults are approxi- 
mately parallel with each other and trend northeast and southwest. The 
third series is nearly parallel with the anticlinal axis and cuts the other 
two at right angles. In the excellent exposures on the sides of the anti- 
cline, Estabrook was able to trace the faults and determine their relative 
age from the displacements. The northeast-southwest faults with dis- 
placements down on the south side probably occurred first, the faults 
with the same trend but with the downthrow on the north probably oc- 
curred next, and the northwest-southeast series with downthrow on the 
east were last. In the southeast quarter of Sec. 30, T. 58 N., R. 99 W., 
the displacement of the northeast-southwest faults by one of the north- 
west-southeast group is beautifully exposed, and the surface trace has 
been offset more than 75 feet. 

Of the transverse series (northeast-southwest), about ten large faults 
have the downthrow on the north, and about eight on the south. The 
dips of the planes range from 40° to 75°, and the vertical displacements 
range from almost nothing to 700 feet. There has been horizontal as well 
as vertical movement on several of them. In the series in which the down- 
throw is on the north, the faults that have the maximum displacement 
are at the north end of the fold, although in the other series those with 
the greatest displacement on the south are at the south end. 

Only two faults of the longitudinal type (northwest-southeast) have 
been mapped. Their planes dip 65° E. with downthrows on the east rang- 
ing from almost nothing to 170 feet. There must be many other small 
faults of all three groups that have not been located because of the poor 
outcrops in the center of the field. 

Ten of the faults have been traced both on the surface and on sub- 
surface horizons, and it is probable that most of the larger faults persist 
down through the Wall Creek sands with not much variation from the 
surface. Until many more wells are drilled, they cannot be traced deeper, 
but the writer is of the opinion that they will extend far down in the 
sedimentary beds. 

The faulting probably was contemporaneous with the folding at the 
close of Cretaceous time and was caused by torsion and settling on the 
up-warped dome. If the faults disappear in the more compact formations 


OS CT 


? J. S. Irwin, “Faulting in the Rocky Mountain Region,” Bulletin Amer. Assoc. 
Petrol. Geol., Vol. 10, No. 2 (February, 1926), pelos: 


3C, W. Washburne, “pi-Anticlinal Faults of Elk Basin, Wyoming,” Bull. Geol. 
Soc. Amer., Vol. 39 (1927). 
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below the Morrison, it will be support for Irwin’s theory that they are 
largely due to settling in the shaly and more compressible formations. 
If they continue down through the harder beds, the tension theory will 
seem the most reasonable. : ; 

In the main part of the Elk Basin field, the faulting has not greatly 
affected the accumulation of petroleum, since there was enough oil to 
fill the sands both in the upthrown and downthrown blocks. The oil- 
water contact on the edge of the field is broken somewhat by the faults, 
but really not as much as would be expected. In the south end of the field, 
faults have been important factors in the accumulation of oil and gas. 
Commercial accumulations of oil and gas have been developed on the high 
parts of four fault blocks with practically barren areas between three of 
them. Production is continuous between the two northernmost blocks. 
In the upthrown blocks oil and gas are found in the First and Second Wall 
Creek sands exactly as on top of the anticline. 

Faults may be more important in the gas pool that is being developed 
in the Dakota group of sands. Only three wells (No. 23-A, Elk 6, south- 
west quarter of Section 19, and No. 21 and No. 23, Elk 3, southeast 
quarter of Section 24) have been drilled into the Dakota gas sands, but 
they have yielded a large amount of gas that has been piped and sold in 
Billings, Montana. The decline in rock pressure has been much more 
gradual than was figured theoretically on the basis of an assumed area 
greater than the oil field and the average thickness and porosity of the 
same sands at the outcrop and in other fields. The gradual decline may 
mean either that the gas pool in the Dakota sands is directly connected 
through faults with other pools in sands of the Morrison and Sundance 
formations, so that the wells drain more than the one group of sands, or 
that water is following the gas up into the anticline as the gas is drained, 
and the water pressure is holding up the gas pressure. When wells are 
drilled into the Morrison and Sundance sands at some later date, the 
presence or absence of gas in those sands and the relation of the gas pres- 
sure there to that of the Dakota sands will answer this question. 

Even with the large number of faults in Elk Basin, there are no known 
seeps of oil or gas, and the different sands had normal rock pressures 
when first drilled into. The 1,100 feet of blue shale between the surface 
and the First Wall Creek sand was sufficient to seal the faults effectively, 
and the 1,000 feet of shale between the Second Wall Creek and Dakota 
sands prevented migration there. Since the intervals between the Dakota 
and the Morrison and Sundance are much less than those above, it would 
be easier for gas to migrate between them. 
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RESERVOIR ROCKS 


The reservoir rocks in the Elk Basin field are all sandstones or shaly 
sandstones. The First and Second Wall Creek sands are members of the 
Frontier. formation that extends uniformly throughout central and 
western Wyoming and throughout small parts of Colorado, Montana, 
and Utah. The sediments came from a source west of Wyoming, probably 
in central Utah. The formation is a very thick series of sandstones, shales, 
and coals with some conglomerate in northeastern Utah and southwestern 
Wyoming. The formation thins toward the northeast, east, and south- 
east. Elk Basin is far out toward the northeast edge of the Frontier sands, 
and the First Wall Creek sand contains much shale and is really more of a 
sandy shale than a sandstone. It thins and disappears in Montana north- 
east of the field. The Second Wall Creek sand is 40 feet of good sandstone 
and is a more continuous and uniform stratum that extends farther than 
the remainder of the sandstones. The other sandstones of the Frontier 
formation are represented at Elk Basin only by the thin sandy shale that 
has been called the ‘“Third Wall Creek” sand. 

The wells in the Elk Basin field were almost all drilled from seven 
to twelve years ago before geologists did much subsurface work, and 
practically no samples of well cuttings were saved. There are now no 
complete samples from any well, and complete descriptions of the beds 
cannot be made. The descriptions of the Wall Creek and Dakota sands 
are composite, made from samples of outcrops and fields near by. The 
porosity of the Wall Creek sands in other fields ranges from 15 to 20 
per cent. The First Wall Creek sand at Elk Basin must have a much 
lower porosity and probably does not exceed 10 per cent, at most, since 
it contains so much clay. The Second Wall Creek sand probably has a 
porosity ranging from 18 to 20 per cent, but no samples are available 
for tests, and it cannot be accurately determined. The Frontier sands 
have a relatively uniform size of grain (0.12-0.16 millimeter); and the 
grains are angular, though a few are subround. Quartz constitutes the 
main bulk, the feldspars rank next, and there are only very small amounts 
of the minerals zircon, tourmaline, biotite, and chlorite. There has been 
alteration of the minerals by meteoric waters, as biotite has been al- 
tered to chlorite and feldspar to kaolin. Calcite and quartz are present 
as cementing materials; and where calcite has been deposited, the sand is 
very tight. Secondary quartz is not plentiful. 

The Dakota sand is similar in character to the Wall Creek sands 
except that the grains are ordinarily much larger (0.24-0.45 millimeter) 
and they are subangular and subround. The lowest sand of the Dakota 
group is coarser and is conglomeratic in places. 
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The source of oil and gas in the Wall Creek and Dakota sands is gen- 
erally believed to be the marine Cretaceous shales with which they are in 
direct contact. These shales are rich in organic material, and there is 
no reason to consider any other source. The oil probably originated 
locally and did not have to migrate far, although there is a large area 
(too square miles) from which oil could have accumulated into this 
anticline. 

RELATION OF ACCUMULATION TO STRUCTURE 


In the Big Horn Basin there are many large structures with closures 
ranging from a few feet to more than 2,000 feet, but only part of them 
have produced oil and gas. This has caused much discussion, and many 
theories have been advanced to explain why one anticline was productive 
and another near by was barren. Most of these theories depend on pres- 
ence or absence of source material, size of area from which oil could ac- 
cumulate, and movement of water, which might flush the oil out of some 
folds. Recently the amount of faulting has also been suggested as an im- 
portant factor. These will not be discussed in detail in this paper. 

The oil fills the top of the fold in the First and Second Wall Creek 
sands and extends uniformly down all sides. The First Wall Creek sand 
is so shaly and relatively non-porous that there is practically no water 
in it, and oil and gas are found in it only here and there where the porosity 
permitted accumulation. Thus, oil in small amounts has been found far 
down the sides of the anticline. 

The Second Wall Creek sand, a more porous, uniform sandstone, con- 
tains water below the oil, and there is a well-marked water level in the 
field. In the main part of the field no gas wells have been found in the 
Wall Creek sands, but gas has been found in the fault blocks in the south 
end. In this locality gas occurs in the First Wall Creek sand on the high 
part of the block with oil below it. In the Second Wall Creek sand there 
is water below the gas, with evidently no oil between, although not enough 
wells have been drilled to remove the possibility entirely. With only three 
wells to the Dakota sands on top of the structure, little can be said about 
the relation of accumulation to structure, other than that there is a 
tremendous amount of gas on the crest of the fold in those sands. 


OIL 


The Elk Basin oil is green in color, with a gravity of approximately 
39.5° Bé. and a Saybolt Universal viscosity of 37 seconds at 60 F. The 
oil is uniform throughout the field, except in the faulted south end where 
the gravity is somewhat higher; and the oil contains some sulphur. 
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GAS 


Casinghead gas occurs with the oil from the First and Second Wall 
Creek sands and has intermittently supplied a casinghead-gasoline plant 
in the field. Detailed figures on this gas are not available. The expansion 


TABLE I 
CHEMICAL ANALYSIS OF AN AVERAGE ELK BASIN CRUDE OIL 
; Percentage 

(Gasoline he 3 teins tcc ee ae ace © ee 42.0 
KETOSENE See 8 Stet ree ee ee ee II.oO 
Gasyollte A Re:. Hari. ee cee oe ee Ne ee te eee 9.0 
Heavy distillate ve tect Oe nee cece ee 36.1 
Coke reshea ah. st el ae eee ea ee 1.9 

I00.0 


of this gas and the resultant cooling have caused much trouble with 
paraffin, and it is necessary frequently to remove the paraffin from the 
tubing of the wells. 

The gas in the Dakota sands had an original closed-in rock pressure 
of about 925 pounds, which is nearly a normal hydrostatic pressure for 
the depth of 2,400 feet. 

TABLE II 
ANALYSIS OF GAS FROM DakoTA SANDS 


Percentage 


Methanes cocks dscns be ee ee 89.4 
Ethane toegs occ See Sa ee a I0.0 
Carbonidioxides tae 0.6 

OCHS tresn Pane ence eee aoe eee 100.0 
pein eravitvn. onc, compe een ere 0.615 
Bol Wick site ence eee een eee 1,078 


WATER 


There have been no serious water problems at Elk Basin, because 
there is neither top nor bottom water, and only edge water in the Second 
Wall Creek sand. This water is not under much head and has encroached 
very little, although the field has been productive for twelve years. 
Accurate information is not available about the water pressure, but water 
fills up very little in the wells. With water only on the edge of the field, 
there can be practically no coning of water in the oil sands. An analysis 
of a typical Second Wall Creek sand water is given in Table III. 
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OIL AND GAS PRODUCTION 


All the wells at Elk Basin have been drilled with standard tools; 
many with portable drilling machines. The drilling has been easy and 
cheap, because only firm but soft shale is encountered down to the First 


TABLE III 


ANALYSIS OF WATER FROM SECOND WALL CREEK 
SAND, Mipwerst REFINING COMPANY’S 
No. 11, Lease Erk No. 8 
Sec. 25, T. 9 S., R. 23 E., Montana 


Constituent Parts per Million 
Shochioien GUNN, 5 oi, 46 cob abodder 7.6 
Sochuien GiloraGiononocccvsasacnsuc 8,160.0 
SOGIMMNCAT DONA LC hE erento cine 66.0 
Calciumecarbonates.ns. nue eee: 46.4 
Magnesium carbonate.............. 20.1 

PRO tA] ete Pete OMe keene Meare 8,300.1 


Wall Creek sand; then sand, sandy shale, and shale to the Second Wall 
Creek sand. As there is practically no water in the First Wall Creek 
sand, there have been no casing problems. The wells flowed naturally at 
first, then were pumped for many years. Recently gas has been introduced 
into key wells and forced back into the sand in a unified gas drive. This 
seems to be getting results, and the production of the field has increased 
from 600 to 1,100 barrels per day within the past year, largely due to the 


TABLE IV 
PRODUCTION OF ELK BASIN FIELD BY YEARS 

Barrels Barrels 
TOLOM as tgaceA stan TOT HOOOMmEL O23 eae 652,000 
TOT aca troptownsr tices Hig ese) wOVr To abe aos 432,000 
TOLOR geen ears TOO OOOme LO ZG treed er 320,000 
TOUO Phe ota eanoae SSC) MOP. stentiode 288,000 
TO2OSr sete seers S28nOOO! LO27 aoe anes 338, 861 
TOO Tees eG 755,000 —_—_———- 
TO 22 Aten: 697 ,000 Total. ..8,458, 861 


gas drive. It is impossible to predict the life of the field now, as accu- 
rate decline curves cannot be drawn until the production reaches a new 
peak and starts to decline again under the gas-drive methods, but the 
field should be a consistent producer for many years. 
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FUTURE DEVELOPMENT 


The field is practically drilled up in the Second Wall Creek sand, 
which has been the principal producer; and few more wells will be drilled 
to it. The First Wall Creek sand has been very, erratic and was not 
commercially productive in many wells. If new areas of good porosity 
are located, there may be sporadic drilling to the First Wall Creek sand. 
Only three wells have reached the Dakota sands, so that it may be nec- 
essary later to drill more wells to that horizon. This will be especially 
true if any oil should be found around the gas in the same sand. Deep 
tests will have to be drilled to test the formations below the Dakota, 
and new discoveries of light oil, black oil, and gas may be made. 
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ABSTRACT 


The Salt Creek oil field has produced 209,619,275.48 barrels of oil since its dis- 
covery in 1889. It ranks as one of the largest oil fields of the world and still produces 50 
per cent of the light oil of the Rocky Mountain region. The field has two new producing 
sands and several deeper horizons that remain untested. The development map of 
Salt Creek and Teapot domes is posted to October 1, 1928. 

A subsurface contour map and cross section show that the relation of oil accumula- 
tion to structure is in general accord with the anticlinal theory of accumulation. With 
the exception of the lower Sundance sands ‘the entire Salt Creek field is producing to 
capacity. The production curve of the Salt Creek field will continue to show a decline. 


INTRODUCTION 


The Salt Creek oil field of Wyoming is one of the largest oil fields in 
the United States. Interest in this remarkable field has been nation-wide. 
Driiling development in the field has rapidly increased in the past few 
years to keep pace with the decline of the First and Second Wall Creek 
sands. This paper is written as a review to present,an up-to-date story of 
developments. It is taken for granted that the reader is familiar with the 
government publications, the work of Wegemann,’ Estabrook and Rader,é 
Clapp and Lewis,’ and Knight and Slossom.*’ These publications, to- 
gether with data possessed by the geological department of the Producers 
and Refiners Corporation and information received from the U.S. Geolog- 
ical Survey, have been used in the preparation of the paper. E. W. Rum- 


« Manuscript received by the editor, January 11, 1929. 

2 Producers and Refiners Corporation, Exchange National Bank Building. 

3 C. H. Wegemann, ‘The Salt Creek Oil Field, Natrona County,” U.S. Geol. Sur- 
vey Bull. 452 (1911), and ‘The Salt Creek Field, Wyoming,” U.S. Geol. Survey Bull. 670 
(1918). 

4. L. Estabrook and C. M. Rader, ‘‘History of Production of Salt Creek Field, 
Wyoming,” Amer. Inst. Min. Met. Eng., Petroleum Development and Technology in 1925. 

s F. G. Clapp and J. O. Lewis, “Leases upon Naval Oil Reserves,” Senate Document 
(1913). 

6W. C. Knight and E. E. Slossom, ‘Petroleum of Salt Creek, Wyoming,” Bull. 
Univ. of Wyoming School of Mines (1896). 
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sey compiled and drafted the maps. W. W. Rusk also assisted in collecting 
data, and R. W. Brown wrote the section relating to oil and water 
analyses. 

LOCATION ' 


The Salt Creek oil field is in T. 38, 39, and 4o N., R. 78 and 79 W., 
Natrona County, Wyoming. Production extends from the old Shannon | 
pool in Sec. 1, T. 40 N., R. 79 W., to the Mammoth Oil Company’s Well 
No. ror in Sec. 15, T. 38 N., R. 78 W., a distance of 15 miles. The field 
covers an area of 25,000 acres. The relation of the Shannon pool, Salt 
Creek, and Teapot Naval Reserve, are shown in Figure 2. Edgerton, 
Salt Creek, Lavoye, and Midwest are small towns serving the oil field. 
The field is reached over a paved road from Casper, a city of about 25,000 
people, located on the C. B. & Q. railroad and C. & N. W. railroad. 
A branch railroad now traverses the field, with its terminus at the town 
of Salt Creek. 

Water supply for field use is obtained from a deep well drilled to the 
Tensleep sand in Sec. 25, T. 40 N., R. 79 W., from a flowing Tensleep well 
on Powder River dome about 20 miles northwest of the Midwest post- 
office, and by pumping through a 6-inch pipe line from Platte River at 
Casper. 


HISTORY OF DEVELOPMENT 


Although the presence of oil seeps in this region were known prior to 
1880, no attempt was made to commercialize the prospects until 18809, 
when M. P. Shannon of the Pennsylvania Oil Company drilled a well.in 
Sec. 36, T. 41 N., R. 79 W. The well was located in the valley of Salt 
Creek, presumably near an oil seep in the district now known as the 
“Shannon pool.”’ 

The oil lands near Salt Creek belonged to the federal government, and 
development was under the provisions of the Placer Mining Act. Under 
this law an individual could file a claim for 20 acres, and it was necessary 
for each claimant to sink a 1o-foot hole on his claim the first year, and 
do $100 worth of assessment work per year thereafter for five years, when 
a patent would be issued by the U. S. Land Office upon the payment of a 
nominal fee. Only a small part of the land was ever patented. During 
the first oil excitement that followed the completion of the Shannon well, 
there were many claimants who could dig the necessary ro feet but rela- 
tively few persons with sufficient capital to drill wells. 

The early workers of the field had many hardships to face. Material 
and oil had to be hauled by wagons 50 miles over sand hills and bad-land 
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topography in a desolate waste of arid country. In 1903 the Pennsylvania 
Oil Company hauled 2,300 barrels of oil to Casper by mule teams, and 
in 1894 transported 7,019 barrels. This success prompted the Pennsyl- 
vania Oil Company to build a so-barrel refinery in Casper in 18q5. 
During this year two other companies, the Wyoming Lubricating Com- 
pany and the French Syndicate, entered the field. 

In 1903 Joseph H. Lobell became interested in the field, and a few 
years later he sold a considerable portion of the claims in the field to 
foreign capitalists. In 1908 Poro, an Italian geologist, located a well for 
these foreign interests, which came in as a 600-barrel gusher. The foreign 
interests became involved in legal difficulties, the lands being largely 
unpatented, and these interests were purchased in 1914 by the Midwest 
Refining Company, now the dominant company in the field. 

During the past ten years the history of Salt Creek field has been 
largely that of expansion and the finding of deeper sands, as reflected in 
the production figures and in Figure 1. 


STRATIGRAPHY 


The surface and subsurface formations of the Salt Creek anticline 
are enumerated in Table I. The formations above the Shannon sandstone 
have been measured at the surface, but the characteristics and thicknesses 
of the underlying rocks have been taken from well-log data. 


STRUCTURE 


The Salt Creek anticline is on the eastern slope of the Big Horn 
Mountains and on the western flank of the great Sheridan or Powder 
River Basin. It is 20 miles long and approximately 5 miles wide. The 
dip of the rocks ranges from 15° to 29° on the west flank and from 5° to 10° 
on the east flank. Drilling development and irregularities in the folding, 
due to faulting, have divided the field into three separate domes: Shannon 
“dome,” Salt Creek dome, and Teapot dome. 

The Shannon “‘dome” is a faulted segment on the axis of the anticline, 
deriving small quantities of oil from the Shannon sand. The oil from this 
locality is low in gasoline but is an excellent lubricant. The field is no 
longer of commercial importance, 

The Salt Creek dome is the crest of the anticline and the main produc- 
ing part of the field. The Shannon sand completely encircles the dome in 
a prominent serrated escarpment. The fold has approximately 1,600 feet 
of closure and has 22,000 acres of producing oil land within its limits. It 
has a large drainage area from the Sheridan Basin, which extends north- 
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Frc. 1.—Structure of Salt Creek oil field, Natrona County, Wyoming, contoured on top of 
Second Wall Creek sand. Contour interval, 100 feet. Datum, sea-level. 


SALT CREEK OIL FIELD, WYOMING 593 
TABLE I 
STRATIGRAPHIC SEQUENCE, SALT CREEK ANTICLINE 
A F . Thickness No. of 
ge ormation Fan Remarks Producing 
Wells 
Tertiary Wasatch 2,500-++ 
Fort Union 2,000-+ 
Siete Pesee"! Lance 3,200 
Lewis 1,400 
Mesaverde 850 | Includes Parkman 
and Teapot sand- 
stone 
Steele 2,300 | Includes Shannon 
sandstone 
Niobrara and Carlile shale I ,000 
First Wall Creek sand- 120 | 4,350 acresproduc-| 308 
stone tive 
Shale 260 
Cretaceous} Fron- | Second Wall Creek sand- 70 | 22,000 acres pro- | 1,627 
tier stone ductive 
Shale 165 
Third Wall Creek sand- 15 12 acres productive 21 
stone 
Shale 270 
Mowry and Thermopolis 250 
Muddy sandstone 7 10 
Shale 175 
Da- Dakota o-15 | 1oacresproductive I 
Kota ntis.2 gee TERTEV ONS. yatta bio. Op o 
group| Fuson 60 
Lakota 50 | 2,135 acresproduc-| 96 
tive 
Unconformity = 
Morrison 315 
Jurassic Sundance 250 | 2,o0oacresproduc-| 15 
tive (est.) 
Triassic Chugwater 700 
Permian Embar 220 
Pennsyl- | Tensleep 270 1 water 
vanian well 
Amsden 210 | Not penetrated 
Mississip- | Madison 400 
pian 
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eastward for a distance of 40 miles. The structure presents a type example 
of epi-anticlinal faulting. 

Teapot dome is the southern extension of the Salt Creek dome. It is 
a plunging anticline limited on the north by a series of transverse faults 
and as much as 300 feet of reverse folding, This secondary structural 
feature, like the so-called Shannon “dome,” is not a true domal uplift on 
the Salt Creek anticline. Most of the structural closure has been formed 
by uplifted fault blocks. Figure 2 illustrates the relation between these 
several reservoirs. 

FAULTING 

The faulting on the Salt Creek anticline has been discussed by Irwin,? 
Estabrook,3 Wegemann,‘’ and Lewis and Clapp.’ Irwin states that there 
is a genetic and therefore local and contemporaneous relation between the 
folding and faulting, which is substantiated by the experiments of Link.® 
The faults are normal, with strikes ranging from N. 40° E. to N. 90° E., in 
general, and fault planes dipping from 60° to 95°. The complicated system 
of faulting has had an important bearing upon the accumulation and re- 
tention of the hydrocarbons. Shale fissures above and below the Frontier 
sands have yielded large amounts of oil in many parts of the field. On 
the far eastern edge of Teapot dome a shale well drilled near a fault had 
an initial production of 8,000 barrels a day. Such wells have a rapid 
decline but produce oil for a long period. Migration of oil, gas, and water 
along fault planes is indicated by ozokerite and calcite stringers found 
at the surface. 

DEVELOPMENT 
PRODUCING FORMATIONS 


The Cretaceous oil sands of the Frontier formation and Dakota group 
are the most important producing oil horizons. They are locally called 
the First, Second, and Third Wall Creek, the Muddy, Dakota, and Lakota 
sands. Three members of the Sundance formation of Jurassic age are 

tJ. S. Irwin, “Faulting in Rocky Mountain Region,” Bulletin Amer. Assoc. Petrol. 
Geol., Vol. 10 (1926), p. ros. 

2 Thid. 

3 E. L. Estabrook, “Faulting in Wyoming Oil Fields,” ibid., Vol. 7 (1923), p. 100. 

4C. H. Wegemann, of. cit., and “Notes of the Oil Fields of Wyoming,” ibid., 
Vol. 4 (1920), p. 4o. 


SF. G. Clapp, “Leases upon Naval Oil Reserve,” S. Res. 282 and S. Res. 204 
(October 23, 1923), p. 131. 


67. A. Link, “The Origin and Significance of Epi-Anticlinal Faults as Revealed by 
Experiments,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 11 (1927), p. 853. 
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Fic. 2.—Structure of Salt Creek field contoured on second Frontier sand. Contour interval, 
200 feet. Datum, sea-level. Width of area mapped, ro miles. Compiled by Elfred Beck. Drawn 
by E. W. Rumsey. Data from Producers and Refiners Corporation, U. S. Geological Survey, 
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also productive, and the Embar, Tensleep, Amsden, and Madison forma- 
tions of Carboniferous age have meager possibilities as yet not properly 
tested. The Shannon sand produces small amounts of oil in the north 
end of the field, and important quantities of oil are found in shale crevices 
throughout the district. 

First Wall Creek sand.—Approximately 4,350 acres are productive in 
the First Wall Creek sand on the Salt Creek dome, but on Teapot dome 
this sand is water-bearing. The sand was found productive 500 feet struc- 
turally down from the apex of the dome, but at present water has en- 
croached nearly to the top of the reservoir. It has produced approximately 
35,000,000 barrels of oil, equivalent to nearly 5,000 barrels per acre. 

Second Wall Creek sand.—This has been the most remarkable oil- 
producing reservoir in the Rocky Mountain states, in that it was full of 
oil to the amount of vertical closure, which covered 22,000 acres on Salt 
Creek dome. On Teapot dome, less than 1,000 acres was oil-bearing, but 
approximately 1,500 acres produced gas. Approximately 165,000,000 
barrels of the production from the field has been credited to the Second 
sand. 

Third Wall Creek sand.—The Third Wall Creek sand is a lenticular 
sand found 625 feet below the top of the First sand in the south end of the 
Salt Creek field. The sand has an average thickness of 15 feet and has 
produced approximately 1,000,000 barrels of oil. 

Shale crevices.—Oil is found in shale crevices above the First Wall 
Creek sand in all parts of the field, also in a large area across the limiting 
syncline on the west. Shale oil has been found between the First and 
Second sands, between the Second and Third sands, and below the Third 
sand. Approximately 9,000 acres of land have produced shale oil on the 
Salt Creek anticline, and more than 10,000 acres have been productive 
in the area west of the field. More than 1,000,000 barrels of oil has been 
derived from shale crevices. 

Muddy Sand.—The Muddy sand is the upper member of the Dakota 
group. It has an average thickness of 7 feet and is productive in ten wells. 

Dakota sand.—The Dakota sand is the middle member of the Dakota 
group, and it ranges in thickness from almost nothing to r5 feet. It has 
been productive in one well. 

Lakota sand.—The Lakota sand is productive under 2,135 acres. The 
water line varies from 2,300 to 2,350 feet above sea-level, corresponding 
with the 3,375-foot and 3,425-foot contours on the Second Wall Creek 
sand. Most of the oil in this sand has been shut in and has only recently 
been produced. 
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Sundance sands.—Production in the Sundance formation is unde- 
veloped. The productive area will comprise approximately 2,000 acres. 
The initial production will probably be less, and the total recovery per 
acre will be more, than the Lakota, unless a unit operating plan is installed 
to control the water in the more porous Lakota. There are three produc- 
tive horizons in the Sundance formation, and the basal member seems to 
be the most productive zone. 

Lower horizons.—The Embar, Tensleep, Amsden, and Madison forma- 
tions have meager possibilities as yet not tested on the crest of the anti- 
cline. The Tensleep sand produced a flowing water well on the east slope 
of the anticline 300 feet structurally down from the crest. There is a 
possible productive area of 1,500 acres in these lower horizons, but they 
are black oil possibilities only. 


TABLE II 


SUMMARY OF THE STATUS OF WELLS DRILLED ON 
SALT CREEK ANTICLINE* 
(October 1, 1928) 


Wells Formation from Which Producing 
Cielo, ign emo owes First Wall Creek sand 
THOU eee ahaa ne eee ees Second Wall Creek sand 
DiNotte ka a Third Wall Creek sand 

ROM ae mater Shale crevices 

Ole ee ee Muddy sand 
iy Seb eae aie Dakota 

OO Meret aratectn. Lakota 

TG eee Repent Sundance sands 

10 (water)...... Second sand (abandoned) 

1D (CASe onc one Second sand, Teapot 
Ta(watel) eas. Tensleep sand 


* Wells in the Shannon pool are not tabulated. 


Figure 3 is an ideal north-south cross section through the Salt Creek 
field, showing the relative position of the oil-water line in three producing 
horizons. 

PRODUCTION 


Until r912 only minor amounts of oil were produced from the Salt 
Creek field, as there were no pipeline connections; but with the building 
of a pipeline in that year, production materially increased. The early 
production of the field was from shallow sands, the First Wall Creek sand 
being the most important contributor. This production showed a con- 
tinuous increase until 1916, when the peak of the shallow sand production 
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was reached. A decline then began which was interrupted in 1917 by 
the discovery of oil in the Second Wall Creek sand, the most important 
sand in the field. The production from this horizon increased until 1923, 
when the peak production both for this sand and,the entire field was 
reached. With increased production, new pipe lines were built, the first 
8-inch line being laid in 1918; and by the end of 1923 the total pipe-line 
capacity of the eight pipe lines serving the field was 200,000 barrels daily. 


TABLE III 


YEARLY PRODUCTION OF OIL FROM SALT CREEK FIELD 
(IN BARRELS) 


Year Salt Creek Teapot 

MOM oe toge tetas Ee 5 Eigy7.O Os OO. | \Sracya i An cee eat 
TODA oS we ch. eee nee LL OOOROO! hemi. canepe Sone 
TOUS coe Moearn cen eae 225A OA O).OO) 8 Witte Sena sce ces 
LOLA: ae roe aero 353.7 oise ON OO eal A earner stare aecks cir 
LOU Seas eee ee B5O3 0, R2OuCOnm Wriia «ae eee ieee 
Yoh Ee \ucrinetaeie 6 vere Ome Bee 4,|\COO5 ASSHOO! Winn. sel eet Male te eite 
DOU Te ance renee ake Renee BOAO, GOLROO! Malate aoe een 
LOLS Ree ice ee Si§ P2509 2O0Ny) lates oe aeaierariccms 
TOLOG mace erates OncOSa SETA a |W erusen pan ciara ie 
LO2O 40 saree ata LO 525 SA lOc ma ee eee eee 
TLOQT gee ce eas Dh 370.206 OF me ems Sele eee 
DODO. ee Oe Reet AE 19, 261,116.63 55,461 
LQ 2S edge eae 35,301 ,607.58 868 , 980 
DQ 2d) see Serre eee eee ee 30,831, 703.22 997,299 
TOP ects. tracer 21, 590,607.00 652,082 
TO ZO sey eye eee ene ee 17,978, 320.00 442,080 
LOZ Seen ean ee 14, 357,982.00 295,702 
RO 2 Ora ena rn eet eae ae 14,007 ,0903.24 2,600 

Total ae 206, 305,071.48 3,314, 204 

Grand Total Salt 

Creek anticline. . 209,619, 275.48 


Present production [1928] is less than one-fourth of the production for 
the year 1923. 

Teapot dome, located on the Salt Creek anticline, began producing 
in 1922, reaching its maximum in 1924. At present, Teapot dome is shut 
in, under orders from the United States government. 


WATER ANALYSES 


By making analysis of the water from the different sands, it is possible 
to determine the source of the water, and this knowledge is valuable for 
guidance in the repair of wells, Figure 3 isa graphic representation of the 
average analysis of water from the different sands. Some of the waters, 
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such as those from the Morrison and Dakota, are similar; but others, such 
as the Tensleep, are quite distinctive. 

The analyses of the waters from a given sand vary considerably 
throughout the field. For example, the First Wall Creek sand near the 
edge of the field has a concentration of approximately 2,000 parts per 
million, but near the crest of the structure the concentration is as high as 
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FIG. 3.—Averaged water analyses, Salt Creek field. W.C., Wall Creek. Data from 
U. S. Geological Survey. 


12,000 parts per million. The chlorine content varies from 200 to 500 parts 
per million near the edge of the field, but is nearly 6,000 parts per million 
on the crest of the structure. For this reason, when comparing analyses 
it is necessary to know from what part of the field the water sample has 
been obtained and to make comparison with waters derived from the 
same locality. 

The influence of the location of the well upon the problem of correla- 
tion of oil-field waters is well illustrated by the three analyses shown in 
Table IV, in which the parts of each radical and of the total solids (T.S.) 
per million parts of water are indicated. 
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According to Ross and Swedenborg, while drilling a well in the NE. 1, 
Sec. 19, T. 40 N., R. 78 W., oil appeared with the water, and it was neces- 
sary to determine whether this water was derived from the First or Second 
Wall Creek sand. The water was analyzed, and the analysis is indicated 
in the second column of Table IV. It will be noticed that this analysis 
closely resembles the analysis of the water from the First Wall Creek sand 
obtained from a well in Sec. 35, T. 40 N., R. 79 W., 3 miles distant, but 
this sample shows an exceptionally high concentration, coming as it does 
from the crest of the Salt Creek anticline. The analyses indicated in the 


TABLE Iv* 


First Wall Creek Second Wall Creek First Wall Creek 


Well 16, SE. 3, Well 1, NE. 3, Well 1, NW. 3, 
Sec. 35, T. 40 N., R. 79 W. | Sec. 19, T. 40 N., R. 78 W. | Sec. 19, T. 40 N., R. 78 W. 
IN eee tee es oc: Seocr 4,504 1,785 
Caer ee: Trace Trace 10 
IVE Bie. A i re oe ° ° II 
SOV reirree ° ° ° 
GUA area 5,940 5,165 345 
COA ere 132 Trace 54 
ICO Seer ae 3,610 3,060 4,128 
Bess (ane eachawrnes 11,900 II,g0o 4,340 


* Reprinted by permission from J. S. Ross and E. A. Swedenborg’s ‘“‘Analyses of Waters of the Salt 
Creek Field Applied to Underground Problems,” Amer. Inst. Min. Met. Eng. Tech. Pub. 157 (1928), p. 12. 


second and third columns are of waters from wells less than a mile apart 
and located on the eastern flank of the dome near the limit of the produc- 
ing area. Consequently these two analyses are the ones which should be 
compared; and when this comparison is made, it is obvious that the sample 
in question did not come from the First Wall Creek sand. 

Commonly, and in many widely separated oil fields, the water found 
in the oil-bearing sands has an exceptionally low sulphate content, the 
oil having probably reacted chemically upon the water. Such observa- 
tions may be made in the Salt Creek field. The sulphate content of the 
chief producing sands, First and Second Wall Creek and the Lakota, 
is negligible, averaging less than one-half of 1 per cent. Nevertheless, 
the Shannon sand, which, because of its nearness to the surface might be 
expected to be in closer connection with meteoric waters and which has 
produced relatively small amounts of oil, contains water whose average 
sulphate content is more than 4o per cent. The Tensleep sand, which has 
not produced oil in the Salt Creek field, contains water having a sulphate 
content greater than 30 per cent. 


602 ELFRED BECK 


OIL ANALYSES 


Not only has the oil probably reacted chemically upon the water, but 
the water has in turn reacted upon the oil. In the Second Wall Creek 
sand the oil near the edge of the producing area is 6° Bé. heavier than the 
average oil of the field. But the alteration of the oil extends back less 
than ¢ mile from the edge of the pool, and Estabrook reports that “the 
alteration of the oil in Salt Creek is apparently limited to a zone extending 
100-150 feet structurally above the water line.’ 


TABLE V 


ANALYSES OF SALT CREEK AND TEAPOT O1s* 


CrubE Ol FROM 
Shalef First Sandt |Second Sand§) Third Sand|| 

Specitictonavityasee sere neta een 0.810 0.8323 0.835 0.839 
NSD EC OTAVALY AS tole olin nee ere AGi22 OV \aciereee 38.0 Bee 
Sulphuisepencent werner anne ater Onno Wiles eye 0.16 0.22 
Carbon residue or residuum, per cent. . AZO3 8 Wilde ere cee 5-49 3.6 
Approximate summary, per cent: 

Gasoline andinaphthasn een 39.5 20.5 29.9 one 

Kerosene sty een iar eer eae are Lee 14.5 Sy 4.7 

Gasol: c-t,4 ee oe 10.6 Hie seen ee 9.9 18.3 

Light lubricating distillate........ TORS,@ vail te eee 10.6 11.8 

Medium lubricating distillate...... SS valent ache Grae as 5.9 Siege 


* This table is an abbreviated form of a table compiled by E. L. Estabrook and Clarence M. Rader, 
based_upon analyses by the U. S. Bureau of Mines. For the complete table see “History of Production of 
Salt Creek Field, Wyoming,” Amer. Inst. Min. Met. Eng., Petroleum Development and Technology in 1025, 
p. 236. Printed by permission. 


} Shale crevice oil, Teapot dome; well 3o1-A, SW. 3, Sec. 2, T. 38 N., R. 78 W.; depth 1,520 feet. 


; } First Wall Creek sand, Salt Creek field; well 31, NE. 3, Sec. 26, T. 40 N., R. 79 W.; depth I,003-82 
eet. 


ran § Second Wall Creek sand, Teapot dome; well 4or-A, SE. 3, Sec. 33, T. 39 N., R. 78 W.; depth 3,041 
eet. 


F || Third Wall Creek sand, Salt Creek field; well r2, NW. 3, Sec. 20, T. 39 N., R.78 W.; depth 2,828-43 
eet. 

Analyses of the oil from some of the more important horizons in the 
Salt Creek field are indicated in Table V, which shows a relatively light 
gravity and a relatively high gasoline recovery from the shale oil as com- 
pared with the oil from the other horizons. 


CASING-HEAD GASOLINE 


By the end of 1924, 224,000,000,000 cubic feet of gas had been pro- 
duced, of which approximately 179,000,000,000, cubic feet has been 
treated by gasoline plants. The relative amount of gas so treated has 


* KE. L. Estabrook, ‘Analysis of Wyoming Oil-Field Waters,” Bulletin Amer. Assoc. 
Petrol. Geol., Vol. 9 (1925), p. 245. 
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steadily increased from 12 per cent in 1918 to 28 per cent in 1924. During 
the same period there was at first an increase in the yield of gasoline due 
to improved methods, followed by a decline as “leaner” gases were treated. 
The yield of gasoline per 1,000 cubic feet of gas was 2.13 gallons in 1918; 
4.66 gallons in 1921, when the maximum yield was obtained; and 1.46 
gallons in 1924. 

DRILLING AND OPERATING METHODS 


Practically all of the drilling is done by cable-tool methods. The depth 
to the Second Wall Creek sand ranges from 1,400 feet to 2,900 feet. The 
average drilling time for a 2,000-foot hole is somewhat less than three 
months, and the cost approximately $20,000.00. Waters from the Shan- 
non sand and the First Wall Creek sand must be shut off in many parts 
of the field, and cementing is the usual practice. 

“Shooting” the wells is highly beneficial, owing to the hardness of the 
sands, and for one large group of wells resulted in an increase in production 
from too barrels to 500 barrels a day. Wells are pumped both from the 
beam and from central powers. Electricity is the only form of power used 
by the Midwest Refining Company in its operations, including pumping 
and drilling. 

Repressuring of the First sand has not been successful. Gas has been 
applied through “key wells” to the Second sand with very satisfactory 
results. Repressuring of the Second sand has kept the decline curve for 
the field above 40,000 barrels. The gas drive has not been tried but would 
probably not improve the water problem in the Lakota and Sundance 
sands. 

A notable feature connected with the history of development of the 
Second sand is the fact that the flank wells have a longer life than the 
wells located high on the structure. Unlike the First sand, water en- 
croachment has not followed the depletion of the reservoir in the Second 
sand. The high gas ratio of the wells on top of the structure has caused the 
contents to be emptied quickly, while the lack of included gas and the 
absence of hydrostatic pressure has held the oil on the perimeter of the 
fold. 

The First and Second sands of the Salt Creek field offer type examples 
of volumetric and capillary control, respectively, as described by Herold.* 


«S.C. Herold, Analytical Principles of the Production of Oil, Gas, and Water 
from Wells (Stanford University Press, 1928). 


LANCE CREEK OIL AND GAS FIELD, NIOBRARA COUNTY, 
WYOMING" 


WILSON B. EMERY? 
Casper, Wyoming 


ABSTRACT 


Lance Creek oil and gas field, discovered in 1918, is on a large anticline. Structure 
has controlled the accumulation of oil and gas. Production is from sands of the Dakota 
group (Cretaceous). The First, or Muddy, sand yields oil in small amount in a limited 
area on the crest of the fold, but the principal production is from the lower sands of 
the Dakota group. In these sands, gas in large volume is found throughout a large 
area, and a very narrow strip of oil territory borders the gas cap on the south and east. 
Because of steeper dip, the oil-bearing zone in these sands is probably much narrower 
on the north and west flanks than on the others, and has not yet been found by drilling, 
though there seems no reason to expect it to be absent. The water table originally 
plunged eastward, and production was obtained at the east end of the field down as far 
as the limit of closure, but farther west production was never found so low structurally. 
The gravity of the oil is 41.8° Bé. The average recovery of gasoline from the natural 
gas is 1.54 gallons per thousand cubic feet. To January, 1927, the field had produced 
nearly 3,500,000 barrels of oil. 


INTRODUCTION 


The Lance Creek oil and gas field is in west-central Niobrara County, 
Wyoming, about 30 miles from the eastern border of the state. It may 
be readily reached by good roads from either Manville or Lusk, towns on 
the C. & N. W. railroad 22 miles south of the field. It can also be reached 
from Edgemont, South Dakota, on the C. B. & Q. railroad, but the dis- 
tance from this point is about twice as great as it is from Manville or 
Lusk. 

The producing wells in the field are located in an area of gently rolling 
topography limited on the north by low bluffs of the Foxhills sandstone 
(Upper Cretaceous) and on the south by escarpments of White River 
beds (Tertiary). The average elevation in the field is about 4,400 feet, 
and the climate is accordingly somewhat more equable than that in other 
Wyoming fields at higher altitudes. There are no perennial streams in 
the field, but water commonly stands in pools along the course of Lance 


* Presented by title before the Association at the Tulsa meeting, March 26, 1927. 


Manuscript received by the editor, June 29, 1928. Published by permission of The Ohio 
Oil Company. 
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Creek, or, in exceptionally dry years, when such pools dry up, water may 
always be found at a shallow depth beneath the stream bed. 

The discovery well in the field was drilled by The Ohio Oil Company 
upon the recommendation of C. J. Hares, chief geologist for the company. 
This well obtained small production from the Wall Creek sand on March 
13, 1918. It was subsequently deepened to the Muddy sand and had an 
initial production of 1,500 barrels per day on October 6, 1918. This well 
is Well No. 1 in the northwest corner of Sec. 36, T. 35 N., R. 65 W., as 
shown in Figure 1. Its successful completion by The Ohio Oil Company 
marked the termination of a five-year period during which other operators 
had made persistent but unsuccessful attempts to drill wells down to the 
producing sands. 

Several short articles have been published on the Lance Creek field, 
and in 1920 a comprehensive report by E. T. Hancock! was issued by the 
U.S. Geological Survey. Since the date of Hancock’s report, drilling has 
furnished much further information regarding the geologic structure and 
the relation of oil and gas accumulation to structure in this field. The 
present paper and the accompanying map record this later information. 


STRATIGRAPHY 


The White River formation (Oligocene) crops out extensively in the 
field, concealing the west end and much of the south flank of the structure. 
On the north flank the Lance formation (Eocene?) is exposed, and below 
it the Foxhills sandstone (Upper Cretaceous) forms a prominent line of 
bluffs which clearly reflect the trend of the fold. The Pierre shale (Upper 
Cretaceous) forms the surface of the structure between the Foxhills out- 
crop on the north and the escarpment of the Wind River formation on 
the south. 

Drilling commences in the Pierre shale or in the Wind River formation 
which unconformably overlies the Pierre. The holes penetrate the Pierre 
and Niobrara shales and near the base of the Carlile shale encounter a 
sandy horizon which is equivalent to the Wall Creek sandstone of other 
Wyoming fields. This horizon is variously reported in the logs at Lance 
Creek as “‘sand,”’ “sandy shale,” or “‘shells.’’ On the crest of the dome it 
lies at a depth of about 1,800 feet. A showing of oil was obtained in the 
discovery well, and showings have been found in it at other places in the 
field; but it has not yielded commercial production. 

Below this sandy zone the holes again penetrate shale to an average 

«—. T. Hancock, ‘The Lance Creek Oil and Gas Fields, Niobrara County, Wyo- 

ming,” U.S. Geol. Survey Bull. 716-E (1920), pp. 91-122. 


I ‘Olq 


| | 


MO12q 40 puDs Sood oO} PaII!4P Ham + 
PUES Appr oF PalluP tiem © 


70 


oavyo10) 


‘ ad A 
SPW yo Byo36 


399400\-4HI-ONWS Viowva 40 gol HO SUNOLHOD 
AuaWwa BM AB AD0I03D 


DNINOAM ALNNOD VWUVYGOIN 


QTHt MACHO DONT 


SNO3IIVLIUD waddn 


MSIS NGS 'H 22S MS 'ZON 119M 
901 113M TIVDIdAL 


LANCE CREEK OIL AND GAS FIELD, WYOMING 607 


depth of 750 feet, below which they encounter, on the crest of the fold, the 
Muddy sand of the drillers (Newcastle sand of the U. S. Geological Sur- 
vey). This sand has an average thickness of 15 feet, and production has 
been obtained from it in a small area on the very top of the structure; but 
the sand does not persist in the entire field. 

The Dakota group, which yields most of the production at Lance 
Creek, is separated from the Muddy sand by shale with an average thick- 
ness of 150 feet. It consists of two sands generally separated by a shale 
break. The average thickness of the entire series is about 50 feet, of which 
3-20 feet comprise the shale break. 


SURFACE STRUCTURE 


The Lance Creek anticline lies west of a shallow syncline separating 
it from the Hartville uplift, which is one of the principal uplifts in Wyo- 
ming. The anticlinal axis can be traced from Sec. 29, T. 37 N., R. 63 W., 
southwest almost to the center of Sec. 25, T. 36 N., R. 64 W., where it 
turns abruptly westward and extends through Secs. 26, 27, 28, 29, and 30 
of this township and into Secs. 36, 35, and 34, T. 36 N., R. 65 W. Beyond 
Sec. 34, T. 36 N., R. 65 W., the fold is masked by an overlap of the Wind 
River formation, and the axis cannot be determined from surface ex- 
posures, though the outcrop of the Foxhills sandstone on the flank in- 
dicates that the trend of the fold changes to a general southwest and south 
direction beyond this point. 

The Lance Creek anticline is asymmetrical, with the steeper flank 
on the west and northwest. Dips ranging from 15° to 32° are common on 
this flank. The opposite flank is gently inclined, with prevailing dips 
ranging from 2° to 4°. 

SUBSURFACE STRUCTURE 

The subsurface structure is similar to that on the surface. Drilling 
has shown that the flank on the north and northwest is the steeper, with 
the sharpest dips located in Sec. 31, T. 36 N., R. 65 W., and Sec. 6, T. 35 
N., R. 65 W., opposite the crest of the dome; the south flank of the struc- 
ture slopes much more gently. The axis plunges at a somewhat greater 
angle south of the crest than it does toward the east, where it is in effect 
terraced (Fig. 1). The structure has at least 550 feet of closure in the 
Dakota sand, with the possibility of roo feet more, though this cannot be 
proved. 

The folding of the Lance Creek anticline was completed after the 
deposition of the Lance formation, which is provisionally referred to the 
Eocene, That the folding is definitely pre-Oligocene is shown by the fact 
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that the White River formation of Oligocene age unconformably overlies 
the Lance and all older beds now exposed in the fold but is itself not in- 
volved in the folding. 

It is the writer’s opinion that the Lance Creek,anticline originated 
from lateral compression. 


FAULTING 


There is no clear-cut evidence of faulting in the field. The datum 
elevations in the southwest quarter of Sec. 34, T. 36 N., R. 65 W. and 
adjacent tracts are somewhat discrepant and suggest possible faulting, 
but, as the differences may be due to the poor character of the logs, the 
placing of a fault at this location is not soundly justified. It is the writer’s 
opinion that the discrepancies mentioned are due to the impossibility of 
accurate correlation rather than to faulting, and that there is no faulting 
in the field. 

RESERVOIR ROCKS 


Production has been found at five horizons in the Lance Creek field, 
Of these the highest is the Wall Creek sand, which, though it has given 
excellent showings of oil, has not been found of commercial value. For 
that reason it will not be discussed further. The next lower horizon is 
the Muddy sand, which yields oil in a small area on the crest of the fold. 
The principal producing zone is the Dakota, composed of two sands, 
These sands yield only gas within much of the productive area; but below 
the gas cap, oil in large volume has been encountered in them in a narrow 
strip of territory on the south and east flanks of the structure. 

Muddy sand.—The Muddy sand is well developed over the crest of 
the dome, where it ranges from ro to 20 feet in thickness; but it is of 
variable character elsewhere on the structure. This sand commonly has 
a cap rock 2 or 3 feet in thickness, and below the cap rock it consists of 
soft sand layers with interbedded thin harder streaks. The production 
occurs in the soft sand between the hard layers. 

It is thought that the Muddy sand, like the Dakota sands below, was 
deposited near shore in an encroaching sea. The dark marine shales 
above and below it are considered the source of the oil now found in it. 

Dakota sands.—The upper sand of the Dakota ranges from 15 to 30 
feet in thickness and generally in this field has 2 to 5 feet of hard, tightly 
cemented sandstone at the top, commonly reported by the drillers as a 
“hard shell.”” This sand is persistent throughout the field but is broken in 
the eastern part. In this part of the field the upper bench carries water and 
the lower bench yields oil. In the early drilling this feature was not rec- 
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ognized, and several wells drilled into the lower bench with a hole full of 
water from the upper bench reported the entire sand as water-bearing and 
were abandoned. Subsequent drilling indicates that if these wells had 
been properly handled they would have made producers. The early gas 
wells on the upper part of the structure stopped in this upper sand after 
finding gas in large volume with high rock pressure. 

The lower sand of the Dakota is separated from the upper sand by a 
shale interval ranging in thickness from 3 to 20 feet. Drilling has shown 
that it is continuous throughout the field. It is a large producer of oil and 
gas. Unlike the upper sand, it does not have a cap rock, but oil and gas 
are held in it by the impervious shale separating it from the sand above. 

Both sands of the Dakota are of medium grain, and soft, indicating 
a favorable percentage of porosity. They were deposited close to shore in 
an encroaching sea. The oil and gas now contained in them are thought 
to have originated from the dark shales associated with them. 

Lakota sand.—One well on the crest of the Lance Creek structure 
found gas in large volume in the Lakota sands, but three other wells less 
favorably located structurally did not develop production from this 
horizon. On the crest of the dome the Lakota is separated from the base 
of the Dakota sand by 20 feet of pink shale. Below this shale there is a 
20-foot sand, followed downward by a 4-foot shale break, and below this, 
18 feet or more of sand. These two sands constitute the Lakota. 

In lithologic character and origin the Lakota sands are similar to those 
of the Dakota above. 


RELATION OF ACCUMULATION TO STRUCTURE 


The position of gas, oil, and water in the Dakota sands of the Lance 
Creek field is in accordance with the anticlinal theory of accumulation, 
Over the crest of the structure is a broad area in which gas only has been 
encountered in these sands, and bordering this gas cap on the south and 
east, oil in large volume has been found in a relatively narrow belt. It is 
probable that this belt originally continued around the structure north 
and west of the gas cap, but, because of the steeper dip in these directions, 
it was to be expected that the oil-bearing zone would be found to be much 
narrower here than on the other flanks, and for this reason it was not 
located. Decrease of gas pressure on the crest of the dome, due to extrac- 
tion of the gas and the consequent encroachment of edge water, may have 
so adversely affected this belt on the north and west flanks of the structure 
that it is possible no oil may ever be found on it. 

If one considers the ideal theoretical distribution of gas, oil, and water 
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on an anticline to be that in which the gas-oil line and oil-water line 
parallel the structure contours, then their distribution in the Lance 
Creek anticline departs greatly from the ideal. In this field both the gas- 
oil line and the water table plunge toward the northeast, with the result 
that production of both gas and oil extends much farther down structure 
in this direction than it does elsewhere on the anticline. Thus gas Well 
No. 2 in the SW. 4, Sec. 27, T. 36 N., R. 65 W., is almost 200 feet lower 
structurally than Well No. 1 in the NE. $, Sec. 6, T. 35 N., R. 65 W., which 
is the lowest gas well on the west side of the field. 

It is worthy of note that originally the Dakota sands contained oil in 
the east end of the field almost down to the ultimate structural closure, 
and perhaps even below that closure, whereas at the southwest end of the 
field oil production did not reach within 200 feet or more of the closing 
contour. There is not sufficient evidence along the axis south of the crest 
of the anticline to determine exactly the amount of closure, but it is 
certain that the 800-foot contour closes. If this contour actually marks 
the closure, then production at the east end of the field originally ex- 
tended almost 100 feet below the closure. If, on the other hand, the 700- 
foot contour closes (and there is no definite information to prove either 
that it does or that it does not), then oil was present practically down to 
the closing contour at the east end of the field. Under either condition, 
the Lance Creek field differs considerably from most Rocky Mountain 
fields, as commonly in these fields production does not extend down dip 
more than half the distance from the anticlinal crest to the closing contour. 

The plunge of the water table and the gas-oil contact in the Dakota 
sands of the Lance Creek anticline is away from the trough of the Powder 
River basin, on the southeast flank of which the fold is located. The 
plunge roughly parallels that of the Hartville uplift, which limits the 
Powder River basin on the southeast. 


OIL 


The oil from the Lance Creek field is green in color and has a sweet 
odor. Its gravity is 41.8° Bé. The oil as produced has a higher tem- 
perature than that from most oils in the Rocky Mountain area, as it 
ranges from 98° to 105° F, The following analysis is typical for oil from 


this field. 
GAS 


The gas wells in the Lance Creek field commonly came in with initial 
productions ranging from 20,000,000 to 30,000,000 cubic feet per day 
and had initial rock pressures of more than goo pounds. By January 1, 
1927, the rock pressure had declined to 450 pounds. 
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TABLE I 


Kansas City Testinc LABorAToRY FRACTIONAL GRAVITY DISTILLATION 
ANALYSIS OF PETROLEUM, LANCE CREEK FIELD 


SPECILiCNeTA VIL Ye rane tee eis 0.815 : iD exreessbaume Ue Saar eae 41.8 
Color yews: Green 1270 (Iodimetric) Degrees, Baumé, Tag 3........... 42.1 
OORT aaa tah neree wn peiy- ty sweet : 


Gravity of Fraction |Gravity of Total over] Gravity of Stream and 


Percentage pee we Feels in alg in Ss ns 
CB cat tantece te mae 170 
vier ae are 1 ©.702=70.1 0.702=70, eae 
. =64. 
LO Meeaah men oes ca sh 0.722=64.5 0.712=67. ae ee 
6 °. =60.1 
15 lS heme aeteeret site! ests yea °.739=60.1 0.721=64. eon et 
: =560.2 
P10 Se PRR TERE eS ACR ELS G ee 0.754=56 2 0.7290=62. vale 
.766= 53.2 
DS ns Sosy NBNSteS Geae ie Biot 0. 766=53.2 ©.736=60. Koi hae 
.778=50. 
SO Goze cette ioe 6:778= 50.4, | 0.743=50. eee 
387 a = 0.789=47.8 
Sole aeons Came oe 0.789 =47.8 0.750=57. pesaaele 
f .801=45. 
BOM fiche pees os 0.801 =45.1 O2756= 55. ets 
= a o.811=43.0 
A Gepeeers ass eat ey 0.811 =43.0 0.762=54. Acie 
o.819=41. 
(p> ben ere ee he 0.819=41.3 0.768=52. eon 
° 2 art 0.826=39.8 
eC acumen sees arenas a3, 0.826= 39.8 0.773=51. BiSapee 02 
° ae i 0.832=38.6 
GOMES caaremnties ot 0.832=38.6 0.778=50. Slee = 8K 
.837=37.6 
OS an oes Vacuum 0.837=37.6 0. 783=49. Saas aaa 
.844= 36.2 
Oran ned nscale aso Vacuum 0.844= 36.2 0.787=48. SB Eees 
Gasoline (58.1° Bé.), per cent..... 32.5 Transparency.......0.5. Reddish-brown 
° 
Kerosene (42.8° Bé.), per cent... .27.5 Wolditesta ewan cat re lenis 10° F, 
Gas oil (35.0° Bé.), per cent...... 20.0 Wi Cerperrnere tps net rat sao ay stays None 
Fuel oil (high in wax), per cent....20.0 Sedimenitapencenteweawre anstoe o> Piso) 
iscosi Viscosit Saybolt 
geese “yrs in Degrees F. cia 
AO eetnescaeyeraisk 300 soy GO One eee 42 
BO en nee cuest wuete T45 OOM Meets tert aie ae 39 
(Co Ne dont AD ORO 60 LOOK eno dao svinieleyele 30 
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The gas has a sweet odor and is of good quality, free from sulphur. 
There is considerable variation in the amount of casinghead gasoline 
it contains, as the yield ranges from .54 to 1.90 gallons per thousand cubic 
feet. The average extraction per thousand cubic feet is 1.54 gallons. 


WATER 


As previously stated, the water table in the Dakota sands of the Lance 
Creek plunges toward the northeast and was originally 200 feet lower at 
the east end of the field than at the west end. Concurrent with the with- 
drawal of gas and oil from the sands, the water level has risen, so that it 
is now more than roo feet higher in the east end of the field than it was 
when the field was discovered. It has also encroached on the south side 
of the field, and the water line is now irregular in this part of the field, 
owing to water being pulled into older wells from which a large yield of 
oil has been obtained, though it has not migrated so far upward around 
later wells that have not yet reached the stage of exhaustion manifested 
in the older wells. 

Though not pure, the water of the Lance Creek field is to be classed as 
fresh water, as opposed to the salt water so common in many fields outside 
the Rocky Mountain province. 


OIL AND GAS PRODUCTION 


As shown earlier in this paper, the Lance Creek anticline is largely 
concealed by Tertiary deposits, with the result that in advance of drilling 
exact details of structure were not available. It is therefore interesting 
that the discovery well, which is Well No. 1, Sec. 36, T. 36 N., R. 65 W., 
should have had an initial production of 1,500 barrels per day from the 
Dakota sand, as later development proved it to be almost an edge well. 
Other large wells were found later, of which the largest was Well No. 2 in 
the SW. ¢, Sec. 4, T. 35 N., R. 65 W., with an initial production of 2,965 
barrels. 

In the Muddy sand, which is productive only in a small area on the 
very crest of the anticline, no large production was ever encountered, 
Wells in this sand commonly had an initial production of about 50 barrels, 
though the range was from 12 to 162 barrels. 

The yearly production of oil in the Lance Creek field has been erratic, 
In a small productive area with few producing wells, all new wells of 
large volume have made a marked increase in the production for the 
year in which they were completed. Because of this variation in produc- 
tion from year to year, a satisfactory decline curve for the field as a whole 
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cannot be constructed, and no reliable estimate of future production can 
be made. It seems that possibly 800,000 barrels of oil remain to be pro- 
duced from the field subsequent to January 1, 1927, from the area already 
proved productive. Should a productive belt on the north and west flank 
be located in the future, this figure might be very materially increased. 
This figure also does not take into account possible production from sands 
below the present producing horizons which are yet untested. 

Table II gives the oil production of the field by years to January 1, 
19209. 


TABLE II 
YEARLY PRopUCTION IN LANCE CREEK FIELD 
Year Production in Barrels 
LOMO Mee Meu SEE. ade apee umlatsaurale 456,457 
TQ Onsen, a iach wae een oe roe bey 350,845 
UC PRIS Sa hata a Sate mt hs ie en eee cee NG 347,543 
EOD SMe ees one eye eres eee ee ieee 281,450 
LOZ 3 ae A eM ccrasd A Pay ts ah ON eee 356,764 
INO PPr lseee ERI. cod tang neers ee RRS re 736,725 
Oo. 6 ce tic) arorerO ctor: Gracies tase tatters Cees 384,160 
ALO) 20 Aenea af beeen pe meta, Steak Meme 532,018 
ROP AiG ia) SG WERE Ce aL Oa era e aN 264 , 261 
IO PASE GG ScD Caren re tate OR ct eaaoer hice 200 ,872 


It is estimated that the gas originally present in the Dakota sand in 
the Lance Creek field amounted to 43,000,000,000 cubic feet, and that on 
January 1, 1927, the reserve remaining was 15,000,000,000 cubic feet. 
Gas is now being withdrawn from the field at the rate of 2,000,000,000 
cubic feet yearly for the manufacture of casinghead gasoline and carbon 
black. Somewhat more than half this amount is passed through the 
gasoline plant before being consumed in the manufacture of carbon black. 
A small amount of gas is used in connection with the production and drill- 
ing of oil wells. 


ROCK RIVER OIL FIELD, CARBON COUNTY, WYOMING" 


WILSON B. EMERY? 
Casper, Wyoming 


ABSTRACT 


Rock River oil field was discovered in May, 1918. The oil comes from the sands of 
the Dakota group (Cretaceous). Accumulation has been controlled by structure, but 
the water table plunges nearly goo feet from the south to the north end of the field. 
Production holds up better in wells on the flanks of the structure than in wells higher 
structurally. The gravity of the oil is approximately 37° Bé. Production to date has 
been more than 10,000,000 barrels, and it is thought that possibly as much more will 
be produced in the future. 


INTRODUCTION 


The Rock River oil field in Carbon County, Wyoming, is situated in 
T. 19 and 20 N., R. 78 W., 10 miles southwest of Rock River station on 
the main line of the U. P. railroad. It has an average elevation of 7,200 
feet and lies close to the western edge of the Laramie Plains, from which 
the Medicine Bow Mountains rise abruptly 6 miles southwest of the 
field. The field itself is on gently sloping ground along Rock Creek and 
its tributaries, which are perennial streams of clear water. On account of 
its location the area is subject to long and rigorous winters with cor- 
respondingly short, though delightfully pleasant, summers. 

The discovery well, which is Well No. 1, SW. 4, Sec. 35, T. 20 N., R. 
78 W., was brought in on May 1, 1918, by The Ohio Oil Company, 
drilling upon the recommendation of C. J. Hares, chief geologist. On 
January 1, 1927, there were 59 producing wells with a total average daily 
production of 3,000 barrels. 

Figure 1 shows the structure of the Rock River field and the location 
of the wells. This map is based on one prepared by Hares in 1g21 and 
revised to January r, 1927, by the writer, from drilling records since rCOeE te 


STRATIGRAPHY 
Quaternary gravels and alluvium mask much of the Rock River 
anticline, and good exposures of the underlying Cretaceous rocks in 


* Presented by title before the Association at the Tulsa meeting, March 26, 1927. 


Manuscript received by the editor, March 2, 1928. Published by permission of The 
Ohio Oil Company. 
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which the folded structure is developed are accordingly rare. Isolated 
outcrops of the Teapot sandstone at the top of the Mesaverde formation 
constitute the most definite key horizon and were very helpful in outlining 
the structure. In the northern part of the area, Mesaverde sands below 
the Teapot are exposed, and along the creek in Sec. 27, T. 20 N., R. 78 
W., exposures which may represent the Shannon sandstone may be seen. 
There are no good outcrops of rocks older than Shannon(?) on the anti- 
cline. 

Shale of Montana and Colorado age constitutes by far the larger part 
of the rock encountered in drilling. The Wall Creek sandstone which 
occurs in the Colorado is thin in the Rock River fields and in places is 
absent. It is found at a depth of 2,000 feet or more in the wells and yields 
showings of oil, but is not commercially productive. 

Below the Colorado lies the Dakota group, containing the three sands 
which yield the oil in this field. These sands are known to the drillers 
as the First Muddy, the Second Muddy, and the Dakota. They are en- 
countered respectively at depths of 2,505, 2,602, and 2,650 feet or more. 
The typical well log plotted on the map accompanying this report shows 
graphically the rock encountered in drilling and the position of the Wall 
Creek sand and Dakota group in the section. 


STRUCTURE 


Several anticlines and domes are present along the western border of 
the Laramie Basin. Of these the Rock River anticline is the northern- 
most. East and southeast of the anticline lies the deepest part of the 
Laramie Basin, and toward the north the beds dip into the Foote Creek 
syncline. On the west there is a deep syncline which separates the fold 
from the uplift of the Medicine Bow Mountains. On the south, across 
the shallowest syncline associated with the structure, there is a small 
dome which has recently been found productive of oil. 

An interesting feature of the regional structural relations of the Rock 
River anticline is that, east of the syncline, through Secs. 26 and 36, T. 
20 N., R. 78 W., there is a major fold developed at right angles to the 
Rock River anticline, This fold trends northeast for several miles, expos- 
ing successively older rocks as it continues in that direction. With the 
Rock River anticline, it marks the structural limits of the Laramie Basin 
on the north and northwest. 

The Rock River anticline is a simple but strongly folded structure 
trending slightly west of north, and at a greater angle in that direction 
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north of the crest than south of it. It has 1,600 feet of closure, with the 
crest located in the north third of the closed area. The fold is asymmetric 
both along the axis and at right angles to the axis. This asymmetry is 
especially prominent transverse to the axis, for the east, or basinward, 
flank dips off precipitously at angles as great as 70°, whereas the west, 
or mountainward, flank is less steep, with dips ranging from 20° to 35°. 
This feature is readily apparent on the map, as are also the other details 
of structure. . 

There is no evidence of faulting in the Rock River anticline. 

The subsurface structure of this fold as determined on the top of the 
Dakota group shows clearly that the underground axis lies west of the 
axis as developed in the surface rocks. That is, the axial plane dips away 
from the more steeply folded, basinward flank. 

It is the writer’s opinion that this fold was caused by lateral compres- 
sion. Movement may have started as early as the close of the Cretaceous, 
but certainly was not fully completed until late Eocene time, as the 
Wasatch formation (Eocene) is involved in the folding. 


RESERVOIR ROCKS 


The production of the Rock River field comes from the Dakota group, 
which contains three sands separated by shale. The sands, as well as the 
interbedded shales, are variable in thickness throughout the field. The 
uppermost sand, or First Muddy sand of the drillers, shows an average 
thickness of about 55 feet, and over the crest of the anticline is separated 
from the next lower, or Second Muddy sand, by about 75 feet of dark 
shale. The Second Muddy is thinner than the other sands, having an 
average thickness of only 15 feet. The shale between it and the Dakota 
sand below has a maximum thickness of 45 feet, but in places it is so thin 
that careful examination of the drill cuttings is necessary to determine 
its presence. This is especially true on the west flank of the anticline. On 
this flank, too, the interval between the First and Second Muddy sands 
is much less than it is on the crest. Except in Well No. 10, NW. 4, Sec. 2, 
T. 19 N., R. 78 W., in which the First Muddy is absent, all the wells yet 
drilled to the base of the Dakota group have found all three sands. 

The first two sands are medium-grained, but the Dakota sand is 
somewhat coarser and in places conglomeratic. Though of variable thick- 
ness, they maintain their texture uniformly throughout the field; but they 
are less indurated on the crest than at other places on the anticline. All 
the sands are composed of clean quartz grains. The color of the Tirst 
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and Second Muddy sands ranges from gray to brown; the Dakota sand 
is light gray to white in color and is in marked contrast with the upper 
sands. 

The First Muddy sand and the Dakota have been found in places to 
be overlain by a cap rock ranging from 1 to 4 feet in thickness. A cap 
rock, however, is uncommon in this field, the wells ordinarily drilling 
from shale directly into the pay sand. No cap rock has been found above 
the Second Muddy sand in any of the wells. 

It is the writer’s opinion that the source of the oil now found in the 
sands of the Dakota group in this field was probably the dark shales 
associated with these sands. 

Lee" states that the Dakota “group as a whole is interpreted as the 
result of accumulation of sediments near the strand line of the advancing 
Cretaceous sea.” In the Rock River field this conclusion is attested by 
the marine shales included in the group, and the texture and variability 
of the thickness of the sands also indicate near-shore deposition. 


RELATION OF ACCUMULATION OF OIL AND GAS TO STRUCTURE 


The arrangement of gas, oil, and water in the Rock River anticline 
is in accord with the anticlinal theory of accumulation. Though there is 
a good volume of gas associated with the oil, only a single gas well has 
been drilled. This well, No. 10 in the SW. 1, Sec. 35, T. 20 N., R. 78 W., 
is structurally the highest well in the field and demonstrates the presence 
of a small gas area on the very crest of the fold. It had an initial volume 
of nearly 15,000,000 cubic feet of gas with a rock pressure of 250 pounds, 
and also yielded oil to the extent of roo barrels a day. The gas is mainly 
from the Dakota sand, with smaller amounts from the First and Second 
Muddy sands. This well was not drilled until four years after the field 
came into production. One wonders whether it might not have been an 
oil well rather than a gas well had it been drilled earlier, for it is now 
known that as oil production decreases in wells on the upper part of 
the dome the gas-oil ratio increases. In fact, this ratio has increased to 
such an extent that it has become necessary to shut in some of the wells 
on the upper part of the structure in order to conserve gas pressure in 
the field as a whole. 

There is no water with the oil in any of the sands, but water is present 
in all the sands structurally below the oil body. Although the water line 


‘Willis T. Lee, “Continuity of Some Oil-Bearing Sands of Colorado and Wyo- 
ming,” U.S. Geol. Survey Bull. 751-A (1923), p. 6. 
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has not been determined for much of the field, drilling shows that there 
is a very marked plunge of the water table toward the northwest, especial- 
ly in the First Muddy sand. 

At the south end of the field, Well No. 2 in the NE. 4, Sec. 14, T. 
19 N., R. 78 W., found water in the Dakota group at approximately the 
3,800-foot contour, while Well No. 1 in the NW. 4, Sec. 34, T. 20 N., R. 78 
W., recently completed, found production in the First Muddy sand at 
approximately the 3,o50-foot contour. Thus the water table in the First 
Muddy sand plunges about 750 feet in a distance of 33 miles. That the 
water table plunges less steeply in the lower sands is shown by the fact 
that Well No. 1 in the NW. {, Sec. 34, T. 20 N., R. 78 W., found water 
in these sands. The exact limit of production has not yet been determined 
for the north end of the field in the Second Muddy and Dakota sands, but 
it is known that in these sands the water table dips at least 150 feet north- 
west, for Well No. 9 in the SW. 4, SE. 4, Sec. 34, T. 20 N., R. 78 W., 
obtained production in both these sands, whereas at the south end of the 
field the water line was originally between Well No. 1 in the northeast 
quarter and Well No. 1 in the northwest quarter of Sec. 14, T. 19 N., R. 
78 W. 

OIL 


The oil of this field is brownish-green in color, with a specific gravity 
ranging from 34° to 37.1° Bé. It has a sweet odor, and its temperature at 
the mouth of the well is 72° F. 

The higher-gravity oil is found on the upper part of the anticline, 
whereas the oil from wells down the west flank is of lower gravity. There 
is also a slight variation in the gravity from the different sands, but neither 
this difference nor that just mentioned in connection with structural 
location is sufficient to necessitate producing the sands or the flank wells 
separately. : 

Table I shows a typical analysis of the Rock River oil by fractional- 
gravity distillation. The sample was taken from Well No. 2, SW. 4, 
Sec. 34,1. 20.N., 8.178. W, 

GAS 


Gas is present in the oil in considerable volume, but only one well in 
the field was predominantly a gas well. This well, No. 10 in the SW. ¢, 
Sec. 35, T. 20 N., R. 78 W., is located close to the highest point on the 
structure. It had an initial volume of 14,906,000 cubic feet, with a rock 
pressure of 250 pounds. 

The gas produced with the oil is run through a gasoline plant, and 
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TABLE I 
ANALYSES OF Rock RIVER OIL 
Colona ere Brownish-green 
Specific gravity.......0.838 
Deorees Ber — Wao ae ee 7k 
Gravity of Fracti Gravity of Total | Gravity of St and 
Percentage Smee ine and Equivalent cig Over wes Eciicateds a Rant valen aa 
CEL CES EY Degrees Bé. in Degrees Bé. Degrees Bé. 
On ie Je arse 96 
66 0.680= 76.6 
i adek esa =a 0.680=76.6 | 0.680=76.6 0.698=71.2 
o.716=66.1 
LO: Mapes reece oe o.716=66.1 0.698=71.2 0.731=62.1 
26 0.746=58.2 
Ae ieee ea oe ae ee 0.746=58.2 0.714=06.7 ©.755=55-9 
10 0.764= 53.7 
DO eee ee ois ©.764= 53.7 0.7206=63.4 0.772=51.8 
0. 781=49.7 
DAS t ranan Tt tev iene al ou ©.781=49.7 0.737=60.5 0.789=47.8 
8 ©.797=46.0 
BOE were Tec uros ee ©.797=46.0 0.747=57-9 0.805=44.3 
0.813=42.6 
Se Day hor ce MEENCE SITE a aol 0.813 =42.6 0.756=55.7 0.819=41.3 
2 0.825=40.0 
AOS serene thae es 0.825=40.0 0.765=53-5 0.830=39.0 
534 & m; Z 0.835=38.0 
Ni bus ie teoa.o- 566 0.835 =38.0 0.773=51.5 0.839 =37.2 
82 fo.844=36.2 
Onna reeds 4 ae 0.844= 306.2 0.780=49.9 0.845 =36.0 
0.846=35.8 
itoeae cera, Cae c Gas ©.846=35.8 0.786=48.5 0.848=35.4 
Jo.849=35.2 
OOM ards ae al Eee aio Doe 0.849= 35.2 ©.791=47.4 0.852= 34.6 
far M : Jo.856=33.8 
OER pis ee renee ae een ee 0.856=33.8 0.796=40.3 0.858=33.4 
Jfo.861=32.8 
UO ecto chee aS lee ee ee 0.861=32.8 0.801=45.1 0.871 =31.0 
Se Pe Ons aa acute 880= 806 = eerie ao 
75 0.880= 29.3 0.806=44.1 0. 88cmes e 
Gasoline (57.9° Bé.), per cent...... 30.0 ma COlUMteSte wetos eens anne Below —4° F, 
Kerosene (40. 2° Bé.), per cent.... 15.0 Transparency.......... Brownish-yellow 
Gas oil (35.7° Bé.), per cent...... E5ON" OOPS Cote tek vccko h1 eeee Sweet 
VOLK OrDl, TSP CIM. son ngesouooeu: 40,0 Sediment, per cent......-0sen. i856 
Wa become it patina ve Gos «ice see ees None 
Viscosity Saybolt Vi i 
Degrees F. Universal Dee mabe 
ZO ea 
ete PAS Ge hin OO NS ED 
BO thee tears isaac gern bic SOG. vaene eat 24 
BOW sinner ede Meee 280 QOs. c Aaacne tre Ben ee 40 
Eom cha o.oo eo 85 LOOS Rann et nee 44 
OGloniianrentae aeons 62 
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the dry gas remaining is then used in the field operations. The gasoline 
content of this gas averages 0.9566 gallon per thousand cubic feet. 


WATER 


There is no water in the oil from the Rock River field except at the 
extreme south end of the field. The water line has not been determined 
for the first sand, but that the productive area in this sand is larger than 
that of the hes sands is demonstrated by production from it in Well 
No. 1, NW. , Sec. 34, T. 20 N., R. 78 W., whereas the ove sands in 
this rail showed water. 

Well No. 1, NE. 4, Sec. 14, T. 19 N., R. 78 W., was completed in April, 
1919, and showed no water, though subsequent drilling proved it an 
edge well. Water first began to show in this well in May, 1920. It has 
gradually increased in volume until on January 1, 1927, the well was 
producing only two barrels of oil daily, accompanied by a large amount 
of water. 

Well No. 2 in the SE. 4, Sec. 11, T. 19 N., R. 78 W., an offset to the 
well just described, was completed in November, 1923. Two years later 


TABLE II 


YEARLY PRODUCTION IN Rock RIVER FIELD 


Year Barrels 
LOLS Ree Cater are eR 10,111 
IRONY «Alen 10% om ROR hc ee aCe 207,936 
TO2 OMNI rs Canwitie ed At aa bibicc ys. 2G TGs 5320 
OVAL sient, CME Seance ceo mee RCe nC 1,728,039 
TO 2 Ieee fea At Ae ree cho ish TSO Ol) 
INOVOER 5a banolontie o.o-qnulae Oana oars I,479, 501 
TO 2A tamer ese ites Gist cocina ave irs TaN) ATs 
IOP. creche ante cu Hotes One ena ones a 1,121,576 
TOPOS vn ad aes oan eo ee eee I ,020,900 
TOP Yous bored cegrane ome Sei Ouee aan crea 071,729 
ODOR A ee asic ae cheep aharens 921,622 
HG Call pestis. acs. ea 11,026,631 


water began to come in with the production. Well No. 6 in the same 
quarter-section as Well No. 2, just mentioned, when completed in 
October, 1925, showed some water from the Dakota sands; but at that 
time the migration of water up the dip had not affected the First and 
Second Muddy sands so far north, nor has it affected them to date. 

The plunge of the water table toward the northwest across the Rock 
River field has been discussed on a previous page. 
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PRODUCTION 


To January 1, 1929, the Rock River field has produced slightly more 
than 11,000,000 barrels of oil. The production by years is given in Table 
Te : : 

It is estimated from the decline curve of the field that the future 
production will amount to 7,000,000 barrels and that this production will 
extend through a period of eighteen years before the economic limit is 
reached. This estimate takes into consideration the fact that since 1923 
the decline has been much slower than a curve constructed from produc- 
tion prior to that time would indicate, but does not make any allowance 
for possible increase in the amount of recovery should production tech- 
nique be further perfected during the life of the field. 


GRASS CREEK DOME, HOT SPRINGS COUNTY, 
WYOMING: 


THOMAS S. HARRISON? 
Denver, Colorado 


ABSTRACT 


___ The Grass Creek domal structure is one of the most important of Rocky Mountain 
' fields. It has several producing horizons of both paraffin and asphaltic oils. These are 
briefly discussed. Maps show the structure development at several periods including 
Tensleep and Embar (Pennsylvanian), and pre-Jurassic and Frontier (Cretaceous). No 
theoretical discussion is included. 


INTRODUCTION 


Grass Creek as a producer of oil ranks only second to Salt Creek 
among Rocky Mountain fields. It is located within the southwestern 
part of Big Horn Basin, in Hot Springs County, Wyoming. 

The Big Horn Basin is an intermontane geosyncline with the Big 
Horn Mountains on the east, the Owl Creeks on the south, and the 
Absaroka Range on the west. Lawson} says that the basin forms a part 
of the Great Laramide trough. 

Commercial, light-paraffin, 44°-gravity oil was discovered in the 
Frontier (Upper Cretaceous) sand in June, 1914. The early development 
was confined to this sand series. In 1922 a well encountered within the 
Embar-Tensleep (Pennsylvanian) a heavy asphaltic 22°-gravity oil. Since 
that time twelve wells have been drilled, though the oil is not now being 
produced. 

GEOLOGY 

The geology of Grass Creek has been described by Hintze and by 

Hewitt.’ The writer will endeavor to avoid duplication by describing 


« Presented by title before the Association at the Tulsa meeting, March 26, 1927. 
Manuscript received by the editor, June 21, 1928. 

2 Petroleum geologist, 705 First National Bank Building. 

3 A. C. Lawson, “Folded Mountains and Isostasy,” Bull. Geol. Soc. Amer., Vol. 38, 
No. 1 (March, 1927). 

4F. F. Hintze, Jr., “The Grass Creek Oil and Gas Field,” Wyoming State Bull. r1, 
Borie. 

5D. F. Hewitt, ‘Geology and Oil and Coal Resources of the Oregon Basin, Mee- 
teetse and Grass Creek Quadrangles, Wyoming,” U. S. Geol. Survey Prof. Paper 145 
(1926). 
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only the more recent deep-sand development and by limiting this paper 
strictly to an exposition of the facts presented by recent activity. 

Several writers have described the region in general. A few of these 
not otherwise referred to are listed." ' 


STRATIGRAPHY 


The stratigraphy of the Big Horn Basin is described in Table I. 

Upper Cretaceous rocks occupy the surface at Grass Creek. Niobrara 
shales are at the crest, upper Niobrara and Pierre are on the flanks, and 
the whole is bounded in high escarpment by the Eagle, a basal sandstone 
coal-bearing member of the Mesaverde. 


PRODUCTIVE HORIZONS 


‘Frontier.—At the crest of the dome the first Frontier sand has been 
encountered at a depth of 315 feet. There are nine producing sands. The 
series is the important producer of light oil in several of the more im- 
portant Wyoming fields.? The Frontier oil probably originated in the 
organic marine Benton shales of which the series forms a part. 

Muddy.—The Muddy sand is so named because of its muddy char- 
acter where first recognized at Greybull Field, Wyoming. It occurs within 
the Thermopolis approximately 250 feet above the base, but it is not 
continuous in extent. In several of the Grass Creek wells gas was found 
in it. The sand is an oil producer in several fields farther south within 
the Rocky Mountain area. 

Dakota.—The Dakota sand also produces gas at Grass Creek, though 
it has not the prominent character generally exhibited. The sand occurs 
most persistently in west-central United States. It forms the base of the 
Upper Cretaceous.4 

*G. H. Eldridge, “Reconnaissance in Central Wyoming,” U.S. Geol. Survey Bull. 
119 (1894); N. H. Darton, “Geology of the Bighorn Mountains,” U. S. Geol. Survey 
Prof. Paper 51 (1906); C. A. Fisher, ““Geology of the Bighorn Basin,” ibid., No. 53 
(1906); N. H. Darton, ‘‘Geology of the Owl Creek Mountains,” 59th Congress, 1st Ses- 


sion, Sen. Doc. 219; D. F. Hewitt and C. T. Lupton, “Anticlines in the Southern Part of 
the Bighorn Basin, Wyoming,” U.S. Geol. Survey Bull. 656 (1917). 


? The Frontier sand series is productive of oil in two sands at Elk Basin, two to 
three sands in Salt Creek, in several sands at Lost Soldier, and at Big Muddy—all 
in Wyoming. The sand series produces gas at the two Little Buffalo Basin domes 15 
miles northwest from Grass Creek. 


3 The Muddy produces gas at Oregon Basin and oil at Lance Creek, Lost Soldier, 
Rock River, and Rex dome in Wyoming. It is the productive horizon of the Fort Col- 
lins and Wellington domes in Colorado. 


4 The Dakota produces gas at Oregon Basin, at Byron, and Elk Basin. It produces 
light oil at Greybull, where it is known as the Greybull sand; also at Salt Creek, Big 
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Lakota.—The Lakota sand, too feet below the Dakota, although not 
productive at Grass Creek, is highly productive in many parts of this 
region. It is ordinarily coarse to conglomeratic and as such is a very 
favorable reservoir. 

Morrison.—The Morrison series, which immediately underlies the 
Dakota-Lakota (Cloverly) series, has not generally been found productive 
in Wyoming fields. Several of the Grass Creek tests, however, have shown 
commercial black oil in one of the sands. The oil has not hitherto been 
produced.? 

Sundance.—The Sundance (Jurassic) marine series which underlies 
the Morrison has not shown commercial oil at Grass Creek. It is produc- 
tive elsewhere in the Rocky Mountains.3 

Chugwater.—The Chugwater red beds (Jura-Trias), because of their 
character, have not generally been considered to offer favorable oil 
prospects. Several of the lower Chugwater sands in Grass Creek, however, 
have shown commercial black oil.4 

Embar.—The Embar is not only productive of black oil at Grass 
Creek but is a very well-known producer within the regions (Fig. 1). 

Attention should be directed to the fact that Grass Creek lies in a 
belt within which the Embar-Tensleep oil prospects are particularly 
favorable.® It is limited southward at present by the Rattlesnake Moun- 


Muddy, Lost Soldier, Lance Creek, Rock River, and Rex dome, Wyoming. It is the 
oil-producing sand at Cat Creek, Montana, and at Hogback, Rattlesnake, and Table 
Mesa in northwest New Mexico. It occupies the position of the Woodbine of central 
Texas. 

« The Lakota is productive of light oil at Lance Creek, Mule Creek, Salt Creek, 
Rock River, Rex dome, and Lost Soldier—all in Wyoming. 

2 Morrison light oil is being developed at Iles dome, northwestern Colorado. 


3 Sundance production has been developed on the crest of the dome at Salt Creek, 
Wyoming. The Ellis of Sweet Grass arch, Montana, occupies its approximate position. 

4 At Hamilton dome, 25 miles south of Grass Creek, several wells produce from a 
Chugwater sand. 

s The Embar-Tensleep produces black oil at Oregon Basin, at North and South 
Sunshine, at Hamilton, Warm Springs, and Black Mountain—all within the Big Horn 
Basin, Wyoming. South of the Owl Creek Mountains there are such productive struc- 
tures as Maverick Springs, Circle, Big Popo Agie, Dallas, Twin Creek, Notches, Emi- 
grant Gap, and Poison Spider. The Embar with the succeeding Tensleep and Amsden 
are the sole representatives of the Pennsylvanian series of Wyoming. The Hermosan of 
southeastern Colorado and southwestern Utah are Pennsylvanian. The upper Hermo- 
san of southeastern Colorado and southwestern Utah are Pennsylvanian. The upper 
Hermosan contains light oil at San Juan, Utah. 

6 John G. Bartram, ‘‘Occurrence of Black Oil in Wyoming,”’ Bulletin Amer. Assoc. 
Petrol. Geol., Vol. 10, Pt. 1 (1926), pp- 443-48. 
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tains and westward by the Wind River and Absaroka Ranges. It also 
includes the southeastern part of the Big Horn Basin. Although much 
drilling has been done on the eastern side of the basin, no important de- 
velopment has resulted—this although favorable prospects are suggested 
by exposed saturations at many localities of Embar-Tensleep exposure. 


Fic. 1.—Productive Embar-Tensleep fields in central Wyoming. Width of area 
mapped, approximately 34 townships or 204 miles. 


Embar-Tensleep oil probably originated within the Embar. In this 
region it is made up of marine limestone and calcareous shale rich in 
organic matter. It is suggested that beyond these confines the Embar 
either loses its favorable character (the limestones grade abruptly into 
red beds which are poor source rocks for oil) or that the formation has 
been eroded. 

Tensleep.—The Tensleep sand" underlies the Embar, and with it is 


1 See preceding paragraphs on the Embar. 
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an important producer of black oil. Because of its character, being a 
sand in contrast to the Embar which is largely lime, the Tensleep is prob- 
ably the more important producer. 

Amsden.—Although the writer is informed that the Amsden “‘shows”’ 
commercial oil at Grass Creek, only three wells have penetrated it. He 
knows of no other locality where the Amsden has been found productive. 

Madison.—The Madison underlies the Amsden (three wells reached 
its top). The Madison (Mississippian) is at the exposure an unbroken 
lime series. The writer knows of no commercial oil being developed within 
it. However, at Sheep Mountain anticline, eastern Big Horn Basin, 
within Big Horn Canyon, Madison lime is exposed and oil may be seen 
seeping from the joints. The Union Oil Company of California also re- 
ported a small amount of Madison oil in a test in the Hale dome near 
Thermopolis in southern Big Horn Basin. 


STRUCTURE 


Twelve wells have reached the Embar-Tensleep horizon. Of these, 
two, well below the crest, were non-productive in the Embar. Although 
these serve to show to some extent the limits of the field, the productive 
area has not been fully outlined. 

Because of the present small number of wells drilled, the structures 
shown will doubtless in the future be subject to some modification. In 
general, however, because the wells are fairly well distributed, it is the 
writer’s judgment that the information may be accepted. 

Amsden.—Only three wells have penetrated the Amsden. They are 
the L. G. Phelps No. 10, L. U. Sheep No. 13, and State Land No. 39 
(Fig. 2). Of these, the two former are reported to have reached the 
Madison. Evidently these two wells occupied positions on a “high” 
existing both at the end of Madison and of Amsden time, inasmuch as 
adjacent wells" penetrated a larger series of Tensleep without encounter- 
ing Amsden. It is suggested that the folding may date back to pre- 
Cambrian time. 

Tensleep.—Fig. 3 shows the structure at the end of Tensleep. N otice 
that a small thickness of Embar was deposited at the crest with a rela- 
tively thick series of strata upon the flanks existing at that time. In four 
wells the thickness of the Embar ranges from 47 to 80 feet, and in adjacent 
wells the thickness ranges from 175 to 283 feet. It will also be noticed 
that the upper limestone (the Phosphora member) of the overlying Embar 

« Meeteetse 15 No. rg-A, Meeteetse 15 No. 20-A, Meeteetse 17 No. 16, State No. 
41, and State No. 42 (Tig. 2). 
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Hic. 2.—Logs of Grass Creek wells that have penetrated Embar-Tensleep horizon. 
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is persistent. The top of the Tensleep is an erosional surface—an uncon- 
formity exists. 

Near Douglas, Converse County, Wyoming, on the north flank of the 
Laramie Mountains, Satanka (otherwise known as ‘“‘Apache’’) red shales 
are overlain by Forelle or Minnekota purple lime (Darton’s ‘crinkly 
lime”). These two Permian members not recognized at Grass Creek rest 
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Fic. 3.—Contours on top of Tensleep sand, showing dome at end of Tensleep time. 
Elevation in feet assumed. Width of area mapped, approximately 2 miles. 


on the clearly eroded surface of the Tensleep. No Embar is present. 
Darton also noted the unconformity here and farther west on the Casper 
Mountains and proposed the name ‘“‘Casper” for the Carboniferous rocks, 
“chiefly Pennsylvanian, corresponding to the Tensleep, Amsden, and 
Madison.”" 

Lee says that a well-marked post-Pennsylvanian erosional uncon- 
formity exists both in Colorado and in Wyoming.’ 


«tN. H. Darton and C. E. Siebenthal, U. S. Geol. Survey Bull. 364 (1909), 
p: 13: 

2 Willis T. Lee, “Correlation of Geologic Formations between East-Central Colo- 
rado, Central Wyoming, and Southern Montana,” U. S. Geol. Survey Prof. Paper 149 
(1927), p- 8: 
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Embar.—By the end of Red-bed deposition the Embar beds had been 
warped; the “high” had assumed a new position (Fig. 4). A study of the 
logs shows that this adjustment occurred in post-Embar time. Notice 
that a bed approximately 300 feet below the top of the Red-beds has a 
structure very similar to that at the top of the Embar. 

Brainerd and Keyte! have during their studies in northeastern Big 
Horn Basin noted that the Jurassic fauna, contrary to the earlier concep- 
tion, are found well down in the Red-beds, also that an unconformity 
marks the beginning of Jurassic deposition. 

This Embar “high” more nearly occupies the position and alignment 
of the present structure, though it had not assumed the abrupt, sharp 
fold revealed to-day (Fig. 6). 

Subsequent folding.—Study of logs suggests that following Red-bed 
deposition there were no important adjustments during the period repre- 
sented in the logs. For example, little or no adjustment is evident in either 
the Dakota or Muddy sand, though it should be borne in mind that 
neither sand seems to be continuously present in the field. Results of 
study of the Frontier are not so clear because of the large number and 
non-uniform character of the sands. Probably some settling (consolida- 
tion of sediments) occurred during this post-Red-bed interval. 

Hewitt? says some of the structural warping in the Big Horn Basin 
occurred during the early and middle Eocene. Blackwelder’ states that 
the most important folding of this period took place between the close of 
Cretaceous and Lower Eocene. This is commonly known as the “Lara- 
mide diastrophism.” He says that post-Cretaceous folds were completely 
truncated during early Eocene; also, that further deformation followed 
early Oligocene and preceded the Pleistocene. 

For comparison with earlier structure, contour maps have been pre- 
pared to show present structure of the Tensleep, Embar, and Chugwater 
(Figs. 5-7), and a structure map of the Frontier by Fred E. Wood and 
E, L. Estabrook is included by courtesy of the Midwest Refining Com- 
pany. 

‘A. K. Brainerd and I. A. Keyte, “Some Problems of the Chugwater-Sundance 
Contact in the Bighorn District of Wyoming,” Bulletin Amer. Assoc. Petrol. Geol.,Vol. 11, 
No. 7 (July, 1927). 

* D. F. Hewitt, “Geology and Oil and Coal Resources of the Oregon Basin, Mee- 
teetse, and Grass Creek Basin Quadrangles, Wyoming,” U. S. Geol. Survey Prof. Paper 
145 (1926), p- 68. 

3 Kliot Blackwelder, ‘‘Post-Cretaceous History of the Mountains of Central- 
Western Wyoming,” Jour. Geol., Vol. 23, No. 2 (1915), p- 97: 
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before end of Chugwater time, possibly at beginning of Jurassic. Elevation assumed. 
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CONCLUSION 


At Grass Creek a fold existed at least as early as post-Madison time. 
A “high” or basement fault may have existed in pre-Cambrian time. 
There were four subsequent movements—post-Tensleep, pre-Jurassic, the 
Laramide, and post-Oligocene. 

The Rocky Mountain system began to be formed near the end of 
Laramide time, whereas the preceding evidence shows that a fold existed 
at Grass Creek as early as post-Tensleep, if not earlier. 

It is suggested that many of the domal structures in the Big Horn 
Basin and elsewhere have a similar early origin. 


-OIL AND GAS FIELDS OF LOST SOLDIER 
DISTRICT, WYOMING" 


ens -eURWVEIN2 
Denver, Colorado 


ABSTRACT 


The commercial oil and gas pools are on crests of closed anticlines and domes except 
in the General Petroleum field, where oil is found in variable shaly sandstone beds on a 
pitching anticline without structural closure. The oil sand of the G. P. field (GaP: 
sand) is not productive elsewhere even on closed structures. 

Commercial oil is found in the Mowry shale on the crests of the three sharpest 
folds—Little Lost Soldier, Wertz, and Ferris. It is not found in the Mowry shale on the 
gentler folds or elsewhere. Seemingly the maximum fracturing and other mechanical 
effects peculiar to the crests of sharp flexures are necessary to the formation of the 
shale oil pools or pockets. 

The productivity of the structures, other factors being equal, is in close relation 
to the extent to which they are fractured and faulted. Burial of the productive sand 
beneath a great thickness of shale is equivalent to diminution in faulting, since the 
faults may be sealed or may not persist to great depths. The more numerous and open 
the faults, the greater the tendency toward an oil pool or to barrenness through more 
or less complete leakage. The fewer and tighter the faults, the greater the tendency 
toward a gas pool or to barrenness through lack of migration and accumulation. 

With the Lost Soldier and many other oil and gas fields of the Rocky Mountain 
region as confirmatory evidence, it may be said that, in the post-Paleozoic strata of the 
region (1) water in an upper sand is not indicative of what is to be expected in lower 
sands, whether oil, water, or gas; (2) gas, as the predominant product in an upper sand, 
means that lower sands may be expected to be primarily gas sands; and (3) oil, as the 
predominant product in an upper sand, indicates that lower sands are likely to be 
primarily oil sands.3 


INTRODUCTION 


Previous reports on the oil and gas fields of the Lost Soldier district, 
Wyoming, are by Fath and Moulton‘ and by E. W. Krampert.s 
The report of Fath and Moulton gives details of structure as inter- 


* Read before the Association at the Tulsa meeting, March 24, 1927. Manuscript 
received by the editor, December 14, 1927. Published by permission of Frank E. 
Kistler and Company and of the Producers and Refiners Corporation. 

ZOsc Sty aul ote 

3 J. S. Irwin, ‘Faulting in the Rocky Mountain Region,” Bulletin Amer. Assoc. 
Petrol. Geol., Vol. 10 (1926), pp. 127-28. 

4A. E. Fath and G. F. Moulton, “Oil and Gas Fields of the Lost Soldier—Ferris 
District, Wyoming,” U. S. Geol. Survey Bull. 756 (1924). 

5. W. Krampert, “The Oil Fields of the Rawlins—Lost Soldier District, Wyo- 
ming,” Bulletin Amer. Assoc. Petrol. Geol., Vol. 7 (1923), pp- 131-40. 
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preted from the meager exposures and from the development as of the 
year 1920. Much of their work was a valuable contribution, but parts 
had become obsolete by the time of publication in 1924. 

Krampert’s report, published in 1923, gave a satisfactory account of 
the history and stratigraphy of the district in general and of the structure 
and development of the Little Lost Soldier field in particular. 

The structure of the entire Lost Soldier district as known at present, 
and the relation of oil and gas accumulation to the structure, is the sub- 
ject of this paper. 

GENERAL GEOLOGY 

The Lost Soldier district, situated in south-central Wyoming, includes 
the Little Lost Soldier, Wertz, Mahoney, Ferris, Sherard, and Bunker 
Hill domes; the O’Brien Springs anticline, and the Bell Springs, Buck 
Springs, and General Petroleum (or “G. P.’’) structures. 

The area is a highly folded element, relatively depressed with respect 
to the Sweetwater-Ferris Mountain uplift on the north and the Rawlins 
Hills uplift on the south, and it is relatively uplifted between the Great 
Divide or Red Desert Basin on the west and the Hanna Basin on the 
east. Strata of Tertiary age fill the Red Desert and Hanna basins. 
Paleozoic strata and Archean granite are exposed in the Sweetwater and 
Rawlins uplifts. Cretaceous rocks occupy the district with which we are 
concerned, but are largely covered by alluvium, lake deposits, and wind- 
blown sand. 

The Bell Springs and Sherard folds are in alignment with, and form 
the northern terminus of, the Miller Hill-Lake Valley—Rawlins Hills ma- 
jor fold, which extends almost due north from the Sierra Madre Moun- 
tains (Continental Divide) almost to the Ferris Mountains. The Wertz- 
Mahoney-Ferris anticline and the O’Brien Springs anticline have north- 
west-southeast to east-west axes, parallel with the Sweetwater-Ferris 
Mountain uplift, of which they are evidently subsidiary folds. The axis of 
the Little Lost Soldier dome is transitional in direction between the north- 
south and east-west folds. 

The existence of folds transitional in direction between the north- 
south and the northwest-southeast trends of the major uplifts, and the 
fact that the east-west O’Brien Springs axis can be traced practically 
continuously into the north-south Sherard axis, strongly suggest to the 
writer that all the folds of the district are of the same generation. 

This view has already been expressed by Hintze" in a review of Fath 


1F. F. Hintze, ‘Review of U. S. Geol. Survey Bull. 756,” ibid., Vol. 9 (1925), 
pp: 363-64- 


638 J. S. IRWIN 


and Moulton’s report, wherein he seems to prove untenable the Fath and 
Moulton theory of separate periods of folding for the east-west and for 
the north-south folds; and this corresponds with Ball’s' general conclusion 
that “all the minor folds of Wyoming were formed during the period of 
formation of the major uplifts.” 


STRATIGRAPHY 


Those formations which are actual or prospective producers of oil 
and gas, together with those formations which are involved in surface 
and subsurface structural studies, will be discussed briefly. The Dakota 
sandstone and the strata immediately below it but above the Morrison 
formation are considered in some detail in an attempt to clear up the 
confusion that exists’ in certain published reports, but which has long 
since been harmonized by those in close touch with the district (Fig. r). 

A tabulation of all the sedimentary rocks is presented as a brief sum- 
mary of the stratigraphy (Table I). 


CARBONIFEROUS 


The oldest and deepest formations which may be expected to yield 
oil in the Lost Soldier district are the Madison limestone (Mississippian) 
and the Amsden and Tensleep formations (Pennsylvanian). Of these 
formations the Tensleep, a porous to quartzitic sandstone approximately 
200 feet thick, is the most promising reservoir rock. 

Oil rather than gas is to be expected in these Carboniferous forma- 
tions; and the oil, if found, is almost certain to be black and of low gray- 
ity, in conformity with all oil occurrences known to date in the Carbonifer- 
ous of the northern Rocky Mountain region. 

The Amsden and Madison formations have not yet been reached by 
drilling; and only one well, located in a structural saddle, has reached the 
Tensleep sand. A deep test on Ferris dome is now being drilled for the 
Tensleep. Structurally, and in the matter of depth, the Little Lost 
Soldier dome is the most favorable place to test the Carboniferous strata, 


PERMIAN AND TRIASSIC 

The alternating gray limestones and red and gray shales comprising 
the 200-foot interval between the Red-beds proper (Chugwater) and the 
Tensleep sandstone, correspond in position and somewhat in lithology 
with the Embar formation of Permian age, which yields black oil in the 
Big Horn Basin and along the Wind River Mountain front. This series 


t Max W. Ball, ‘‘Relative Ages of Major and Minor Folding and Oil Accumulation 
in Wyoming,” ibid., Vol. 5 (1921), p- 49- 
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Fic. 1.—Correlation of well logs and measured sections, Lost Soldier district. 
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TABLE I 


GENERALIZED STRATIGRAPHIC SECTION, Lost SOLDIER DISTRICT 


Age 


Group 


Formation 


Approxi- 
mate 
Thick- 
ness 
(Feet) 


’ 


General Character 


Quaternary 


Alluvium 
and wind- 
blown sand 


Soil, lake deposits, and active sand dunes 


Upper Cre- 
taceous 


Montana 


Mesaverde 


2, 00O— 
3,000 


Alternating thick sandstones, subordinate 
shales, and some coal. Resistant to ero- 
sion and forms hogback ridges which 
partly encircle the uplift. Full thickness 
ordinarily not present 


Colorado 


Steele shale 


4,125 


Dark gray shale with sandy beds prominent 
at top and bottom and one especially 
prominent sandstone member 800 feet be- 
low top 


Niobrara 
shale 


Carlile shale 


T,450— 


Top, marked by thin yellow argillaceous 
limestone beds, or by variable G. P. sand, 
or by both. Chalky shale phase occurs 
300 feet above Frontier 

Not differentiated. Included in Niobrara 


‘Frontier 


goo+ 


Top 350 feet, composed of three to five sand- 
stone beds separated by thin shale or 
sandy shale. Lower part composed of 
soft gray shale and sandy shale contain- 
ing a few thin, lenticular sandstones 


Mowry shale 


350+ 


Hard, brittle, siliceous, organic shale. Black, 
but weathers silver-gray. Fish scales in 
practically every hand specimen 


Thermopolis 
shale 


5° 


Here restricted to those soft, black shales be- 
tween Muddy sand and Mowry shale 


Upper Cre- 
taceous 
(Lower 
part pos- 
sibly Low- 
er Creta- 
ceous) 


Dakota 


Dakota 


100-300 


Muddy sand at top is thin, soft, shaly, and 
not everywhere present. Dark shales and 
sandy shale, 120-50 feet thick, separate 
Muddy sand from underlying Dakota 
sand, which is hard, light-colored, quartz- 
itic, and 25-35 feet thick. Variegated 
shales (15+ feet), ordinary light-colored 
and sticky between Dakota and Lakota 
sands. Lakota sand, 50+ feet thick, or- 
dinarily conglomeratic 


Lower Cre- 
taceous? 


Morrison 


175 


Variegated shale and variable sandstone 
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TABLE I—Continued 


Approxi- 
mate 
Age Group Formation Thick General Character 
ness 
(Feet) 

Jurassic Sundance 400 | Fossiliferous gray and green shale and sub- 
ordinate limestone comprise upper 115 
feet. Lower part is sandstone 270+ feet 
thick, non-red at top and red at bottom 

Triassic Chugwater | 1,200 | Red shale, sandy shale, and sandstone, with 

(“‘Red- Alcova limestone member 12 feet thick, 
beds’’) 400 feet below top of formation 

Permian Embar 215 | Light purple to light gray sandy and cherty 
limestone. Members separated by red 
shale near top and by thin gray shale in 
lower part 

Tensleep 200 | White quartz sandstone 
sandstone 
Pennsyl- 
vanian Amsden 200 Gray cherty limestone and shale, and red 
sandstone and shale 

Mississip- Madison Light gray resistant limestone 

pian limestone 
Cambrian Deadwood? Quartzitic sandstone and quartzite 
Pre-Cam- Crystalline rocks 

brian 


does not seem particularly promising as a reservoir rock but will be inci- 
dentally tested in process of drilling to the more promising Tensleep and 
other Carboniferous horizons. 

Chugwater formation.—The Chugwater formation of Triassic age com- 
prises a series of sandstone, sandy shale, and shale, predominantly brick- 
red in color, lying above the Embar equivalent and below the Jurassic 
beds. The name “Red-beds,” intended to be synonymous with “Chug- 
water,” is misleading, since it implies the inclusion of all red-colored beds, 
whereas parts of the Embar equivalent and some of the Lower Jurassic 
beds are red. The Chugwater, as restricted, according to a section 
measured at Bell Springs, includes 1,200 feet of beds between the upper- 
most limestone of the Embar equivalent and the base of the thick sand- 
stone series of the Lower Jurassic known in the field as the “Sundance 
sand.” 

The Chugwater formation has been completely penetrated by but 
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one well in the district, that of the Ohio Oil Company, located in the 
structural saddle between Mahoney and West Ferris domes. The forma- 
tion, composed as it is of red sandstone and shale practically devoid of 
organic matter, is not promising as a source of oil; but where faulting and 
fracturing occur to a considerable extent, it may be petroliferous through 
migration from extraneous sources. It will be tested in due time by wells 
headed for the underlying Carboniferous strata. 

Three wells at Ferris, with a daily capacity of a few barrels, produce 
black oil from pink and red sandy beds below the main body of the 
Sundance sand. These beds are in a somewhat debatable zone but are 
here considered to be in the upper Chugwater. This is stratigraphically 
the lowest commercial production in the district. 


JURASSIC 


The Sundance formation of Jurassic age is of major importance in the 
Lost Soldier district as a prolific source of oil and gas. At the Bell Springs 
outcrop the formation is 400 feet thick, of which thickness the upper half 
is white, green, and gray in color and the lower half is more or less red. 
A zone of sandstone approximately 300 feet thick, with its upper surface 
100 feet below the top of the formation, is white or light gray in the upper 
100 feet, and in part red throughout the lower 200 feet. This zone is the 
highly productive gas and oil sand known as the “Sundance sand.” As 
found in the wells, the proportion of white to red differs greatly, some of 
the wells having reported practically all red sand and shale. 

The Sundance sand yields large quantities of gas at West Ferris and 
Mahoney domes, and oil of intermediate grade has recently been dis- 
covered in it on Little Lost Soldier dome. 

The interval from the top of the Dakota sand to the top of the Sun- 
dance sand is 450 feet at Mahoney dome, 350-550 feet at Ferris and West 
Ferris, and 580 feet in Prairie Oil and Gas Company’s Well No. 49-A at 
Little Lost Soldier. The minimum interval in the Mahoney-Ferris district 
is probably due to the absence of a part of the Lower Cretaceous beds at 
the unconformities, and the larger interval of beds at Ferris can be 
explained by inclination of beds on the flanks of the sharp fold. The 
maximum interval at Little Lost Soldier is probably the approximate 
normal, 

LOWER CRETACEOUS(?) 


Morrison formation.—The Morrison beds, composed of pink, red, 
and gray shale and possibly some sandstone, are not productive of oil 
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and gas in the Lost Soldier district. At the Bell Springs outcrop the thick- 
ness of the Morrison is 175 feet or slightly less. 

No satisfactory horizon-marker exists, either in the outcrops or in well 
records, whereby the Morrison can be separated from the Sundance; and 
their exact differentiation, being of no practical value, is ordinarily not 
attempted. 

CRETACEOUS 


Dakota group.—The Morrison formation is succeeded unconform- 
ably by a conglomerate and sandstone member 40-60 feet thick. This is 
the ‘“‘Lower sandstone” of Lee’s' “Dakota group,” the Lower Cretaceous 
conglomerate of Hares,” the basal member of the Cloverly formation of 
' the Big Horn Basin (Lee) and of the Hanna Basin (Bowen), and, accord- 
ing to Lee, corresponds with some parts of the Lakota sandstone of the 
Black Hills. The name ‘‘Cloverly” is now little used in the region, and 
“Lakota” is the term commonly applied to the basal conglomerate if it is 
mentioned separately. 

Above the basal conglomerate member and separated from it by 
variegated shales, generally light in color, and ranging in thickness from 
a very few feet to 50 feet, is a hard, white, fine-grained sandstone, in many 
places iron-stained and quartzitic in its weathered aspect. This is the 
“Middle sandstone” of Lee’s ‘Dakota group,” and it is recognized as the 
“Dakota sand” by all those familiar with the northern Rocky Mountain 
region. The thickness is not uniform but is ordinarily between 20 and 
5 1eet. 

Above the “Dakota sand” and below the unique and unmistakable 
Mowry shale are black- to rust-colored shale, sandy shale, and shaly sand- 
stone, altogether approximately 200 feet in thickness. This interval has 
long been known as the Thermopolis shale; and the included sandy beds, 
where sufficiently distinct to be regarded as a member, have been called 
the “Muddy sand.” 

Lee correlates the Muddy sand with the Upper sandstone of his 
“Dakota group” (Bellevue, Colorado, section), which procedure, if ac- 
cepted, confines the Thermopolis shale to that interval between the 
Muddy sand and the Mowry shale. 

According to the age classification of the U. S. Geological Survey, 


1 W. T. Lee, “Correlation of Geologic Formations between East-Central Colorado, 
Central Wyoming, and Southern Montana,” U.S. Geol. Survey Prof. Paper 149 (1927), 
p- 18, and Plate 1. 

2 C. J. Hares, ‘‘Anticlines in Central Wyoming,” U.S. Geol. Survey Bull. 641 (1917), 


Pp: 244. 
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Lee’s' Lower and Middle sandstone members of the Dakota group are of 
Lower Cretaceous age, and the Upper sandstone is the only representative 
of the Upper Cretaceous in the group; consequently it is the only member 
which can be given the name “Dakota sandstone.’ But, granting that _ 
Lee’s regional correlations, as published by the U. S. Geological Survey, 
are correct, he is forced to the absurdity of calling the Muddy sand the 
Dakota sand, a procedure with which no one familiar with the origin and 
usage of the name “Muddy” will agree. 

To the writer, the suggestion of Lee is the most reasonable way out 
of the difficulty. In Lee’s opinion, since the few fossils found in them do 
not establish the geologic age of the rocks beyond question, it is better to 
base the division on structural relations, and he accordingly takes the 
widespread basal conglomerate at the great unconformity above the 
Morrison as the marker of the general advance of the Cretaceous (Upper 
Cretaceous) sea. Thus would Lee assign the entire Dakota group to the 
Cretaceous (Upper Cretaceous), but this interpretation, although pub- 
lished by the U. S. Geological Survey, has not been formally approved by 
that body. 

The Lakota conglomerate (‘Lower sandstone’’) and Dakota sand 
(“Middle sandstone”’) have yielded the greater part of the oil and gas of 
the Lost Soldier district. The Muddy sand (‘‘Upper sandstone’’) is not 
recognized at Little Lost Soldier, Wertz, and Mahoney domes, but is 
reported as sandy shale or sandstone 5 feet or less thick at Ferris, where 
it lies 140 feet above the Dakota sand and yields a small amount of oil. 

The erroneous statement made by Fath and Moulton,’ to the effect 
that the ‘““Muddy sand is the reservoir rock in the Lost Soldier (Little 
Lost Soldier) dome at a depth of 1,375 feet,” has not been corrected in 
publications, to the writer’s knowledge, and such correction is here made. 

It is a fact accepted by all who have kept in touch with development 
in the Lost Soldier district that the reservoir rock, 1,375 feet deep at Little 
Lost Soldier, 3,400 feet deep at Wertz, 2,160 feet deep at Mahoney, and 
1,750 feet deep at Ferris, is the Dakota-Lakota series. Further, it is 
agreed’ that the Muddy sand (Upper sand of the Dakota group of Lee 
and, in the Big Horn Basin, Wyoming, a sandstone member of the 
Thermopolis shale) is not recognized except as a very thin sandy shale 
or sandstone zone at Ferris and as a soft shaly sandstone or sandy shale 
in the Bell Springs outcrop. 

tW. T. Lee, op. cit. 2A. E. Fath and G. F. Moulton, of. cit. 


3 F. I. Hintze, Elfred Beck, E. W. Krampert, the writer, and others, verbal com- 
munication. 
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Fath and Moulton recognized the Muddy sand at Bell Springs and 
write correctly, as follows: 

The upper sandstone (Muddy sand) of the Cloverly is present in the Bell 
Springs area only as a shaly sandstone and measures 20 to 25 feet in thick- 
ness. In some places it may be represented only by a sandy zone in the shale, 
and in such places the top of the Cloverly might ke difficult to discern. 


It is just this tendency to disappear which caused the error in the 
Whiskey Gap section of Fath and Moulton published by Lee. Lee, com- 
menting on Fath’s Whiskey Gap section, states that 
...-he failed to find the upper sandstone of the Bellevue section (Muddy sand) 
where he examined these rocks. Probably in this as in other places the upper 
sandstone is variable and locally absent. Fath, who examined the Lost Soldier 
and Ferris oil fields, found the upper sandstone 30 feet thick, but makes no 
mention of the middle sandstone, probably because at the time of his examina- 
tion little attention was given to the lower beds. 


Fath’s error is obvious to one familiar with the Whiskey Gap outcrop. 
The Upper sandstone of Fath’s section is actually the “Middle” or true 
Dakota sandstone, and Lee is right in stating that the Upper sandstone 
(Muddy sand) is absent. Finding but two sandstones present, Fath, evi- 
dently unfamiliar with the usage of the term, called the highest sandstone 
he found the “Muddy sand.” 

The highest sandstone in the Whiskey Gap section is the typical 
hard, white to iron-stained, resistant Dakota sandstone—its top 150 feet 
above the top of the lower conglomeratic member, with a shale inter- 
val occupying the soil-covered area between the two hogbacks. 

Above the Dakota member at Whiskey Gap the typical black shales 
occur, just as they do at Bell Springs, but here all that remains of the 
Muddy sand are a few sandy slabs a fraction of an inch in thickness. The 
cone-in-cone limestone which occurs at the base of the Muddy sand at 
Bell Springs can be observed in the section 1 mile southeast of Whiskey 
Gap, but shale only occurs above it. 

A correlation of the Dakota group sections of Lee, Fath, and the 
writer, with typical well records of the same horizons in the several fields 
of the district is given in Figure 7. 

Mowry shale-—The Mowry shale, typically developed, occupies the 
interval between the Dakota-Thermopolis sand-shale series below and 
the Frontier formation above. It is hard, brittle, thinly laminated, and 
highly organic, and has been accepted generally as the source of at least 
a part of the oil in stratigraphically adjacent sandstones, 

The Mowry shale is itself productive of oil at Little Lost Soldier, 
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Wertz, and Ferris. No sand members are known to occur in it here, so 
that it would seem that the oil accumulation is made possible by fissures, 
faults, and pockets induced by the intense deformation along the axes 
of the sharper folds. Under such conditions occurrence of oil in the Mowry 
is not proof that its source is in that formation. The facts that the Mowry 
is obviously organic and that oil can be distilled from it are the reasons for 
regarding it as a source of oil. 

Frontier formation.—The upper 350 feet of the Frontier formation is 
composed largely of five thick gray sandstone members, separated by 
subordinate shale breaks. The lower part is composed of soft gray shale, 
containing a few thin and probably lenticular sandstone beds. 

The Frontier sandstones yield commercial oil at Little Lost Soldier, 
and a very small but profitable gas pool at Wertz. At Mahoney dome 
only a showing of gas occurred in the upper sandstones, and at O’Brien 
Springs and Sherard dome one of the lower thin sandstone members yield- 
ed showings of gas. At Ferris the upper sandstones are water-bearing, and 
such oil as occurs in the lower, thin sandstone members amounts to little 
more than a showing. Thus it appears that in the district as a whole the 
Frontier (Wall Creek) sands are of small importance. 

The approximate minimum interval from the top of the Frontier sand 
to the top of the Dakota sand, the contoured horizon on the maps, is 
1,200 feet at Little Lost Soldier, 1,255 feet at Wertz, 1,300 feet at Ma- 
honey, 1,350 feet at Ferris, 1,282 at Sherard, 1,207 at O’Brien Springs, and 
1,200 at Bell Springs. 

Niobrara formation.—The Niobrara formation, composed of shale 
with a non-uniform sandy zone at the top, comprises the interval between 
the Frontier and the Steele formations. The lower part of this interval 
corresponds in position with the Carlile shale, but the differentiation has 
not been attempted and would seem to serve no useful purpose if ac- 
complished. ‘The sandy zone at the top ranges through hard sandstone to 
sandy shale, to seemingly complete absence of sand, as evidenced by the 
resistant sandstone rim rock formed by it at Little Lost Soldier, the low, 
rounded, half rim on the south side of Mahoney dome composed of this 
horizon in its sandy shale phase, and the absence of any noticeable sandy 
beds at this horizon in the outcrops on the Ferris Mountain front. 

This sandy zone has yielded commercial oil at but one locality in the 
district, namely, the General Petroleum (or “G. P.’’) field southeast of 
Ferris. ‘The structure in that field is interpreted from rather inadequate 
data as being a plunging anticline, without structural closure. Elsewhere, 
where the sandy zone is under cover on closed structures, as at Wertz and 
Sherard, it is a water sand. 
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The sandy zone is variously referred to as the “G. P. sand,” the 
“G, P. stray,” and the “Niobrara sand.’”’ Some. workers in the district 
regard it as the top of the Niobrara formations; other consider it the 
basal member of the Steele shale. The interval from the top of the G. P. 
sand to the top of the First Frontier sand is 1,515 feet at Wertz and 1,530 
feet on Sherard dome. 

Steele shale-—The Steele shale is only of technical interest, as it is not 
productive of oil or gas. The formation is 4,125 feet thick near Whiskey 
Gap, if all the prominent sandstone beds except the lowest in the de- 
batable zone between the Steele and the Mesaverde formations be as- 
signed to the latter. The expected sandstone bed, the top of which is 850 
feet below the base of the Mesaverde formation in the Whiskey Gap ex- 
posure, is 100 or more feet thick. It possesses sufficient resistance here 
and there to form hogbacks and is similar in position and, superficially 
at least, in appearance to the Morapos sandstone of northwestern 
Colorado. 

Mesaverde formation.—The Mesaverde formation is of interest only 
because of its resistant sandstone members which form rim rocks around 
a part of the district. These rim rocks afford the principal basis for the 
determination of the geologic structure. The grayish-white to white mas- 
sive sandstone, its top 465 feet above the top of the Steele shale and 1,260- 
1,315 feet above the top of the upper Steele sandstone member referred to 
in the preceding paragraph, serves as the most satisfactory horizon marker 
in the district. It is further identified by a brown, ferruginous sandstone 
approximately 1 foot thick and 4-6 feet above it, in which a large Ostrea 
is plentiful. 

STRUCTURE 

The structural configuration of the Lost Soldier district is represented 
on the accompanying maps (Figs. 2, 4, 6, 9, and 10) by contours which 
show the elevation of the top of the Dakota sandstone (‘“‘Middle sand- 
stone” of Lee’s “Dakota group’’) above sea-level. All available surface 
structural control has been graphically projected downward to the top 
of the Dakota sand by means of numerous vertical sections, and the 
resulting structural contours have been corrected in accordance with sub- 
surface data obtained in process of development. 


LITTLE LOST SOLDIER DOME 

Structure.—The structure is an elliptical dome possessing 3,500 feet 

of independent closure. The southwest or basinward flank reaches a 
maximum inclination of 45°, and the northeast or mountainward flank, 
contiguous to the Wertz dome, dips approximately 35 where most highly 
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inclined. The axis of the fold pitches approximately 25° northwest and 
southeast from the crest. 

The large number of normal dip faults of the epi-anticlinal type on the 
northeast flank of the dome is a most remarkable feature. Observation 
and mapping of these faults in unusual detail is made possible by the 
exposure of the G. P. sand in its more resistant phase at just the right 
locality to delineate the deformation. 

The faultst exert a profound effect on oil accumulation in the struc- 
ture, as is attested by the following facts. 


K——— / MILE 


IG. 2.—Structure contours on top of Dakota sand, Little Lost Soldier and Wertz 
domes, Wyoming. Datum, sea-level. Contour interval, 500 feet. 


1. Intercommunication between the Dakota and Frontier sands along 
fault planes has been proved by the behavior of certain wells. 

2. Abnormally high temperatures were recorded at the time a cer- 
tain well was known to be drilling through a fault. This increase in 
temperature the writer believes to be due to the transmission of deeper- 
seated temperatures by fluids along the fault plane. 

Certain exceptionally large wells believed to derive their oil from 
fault fissures above the sand yielded oil with a temperature of 120°, 
which is 50° above normal. 


"J. S. Irwin, “Taulting in the Rocky Mountain Region,” Bulletin Amer. Assoc. 
Petrol. Geol., Vol. 10 (1920), pp. 117-20. 
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3. Commercial oil production extends 600 feet lower on the northeast 
flank in some of the relatively elevated fault blocks than it does on the 
southwest flank, where there is little, if any, faulting. Six hundred feet 
is the approximate amount of the throw of some of the larger faults. The 
effect is an oil pool perched off-center with respect to the apex of the 
dome and favoring the flank highly dissected by faults. 

4. It has been possible to measure the throw of many of the faults 
at the surface and to recognize from subsurface data approximately the 
same throw in the Dakota sand. Wells which pass through the fault 
planes find the section shortened not only by the amount of the strati- 
graphic throw (soo feet maximum) but by an additional amount (soo 
feet maximum), which seems best explained by thinning under flowage. 
Moreover, the downthrown blocks, which could possess no lessening of 
interval due to fault throw, exhibit 500 feet (maximum) thinning. It is 
therefore concluded that a general stratigraphic thinning, resulting from 
deformation, exists on the northeast flank. 

The composite cross section (Fig. 3) shows the position of the Dakota- 
Lakota sands on both an upthrown and a downthrown block. The posi- 
tion of the Sundance sand as it would occur if neither faulting nor thinning 
existed is shown by the dashed lines. 

It seems reasonable to conclude that the openness of the fault planes 
at Little Lost Soldier permitted the free migration of oil and gas from a 
lower source to the Frontier sands, since these sands are either water- 
bearing or contain minor quantities of gas in all the other closed struc- 
tures of the district. Selective leakage of gas from the intercommunicat- 
ing sands to the surface at Little Lost Soldier, where the faulting is 
excessive and the depth of burial slight (200 feet), is the best explanation 
that can be offered for the fact that oil only occurs here in sands (Sundance 
to Frontier, inclusive) which yield gas and water in the other closed 
structures of the district. 

Production.—The commercial production of Little Lost Soldier dome 
is entirely oil. The First Frontier (First Wall Creek) sand at a depth of 
200 feet on the crest is the shallowest producer in an area of 160 acres, 
and five or more lower Frontier sand members yield some oil near the 
crest. The Mowry shale at a depth of approximately 1,100 feet yields a 
few wells of 200 to 700 barrels capacity. 

The most important oil production to date has come from the Dakota 
and Lakota sands, minimum depth 1,375 feet. The dark-colored, shaly 
sand member just above the Dakota, known as the Muddy sand, yields 
a small amount of oil of little or no importance. The Dakota-Lakota 
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wells vary from 300 to 4,000 barrels per day, with 1,500-barrel wells con- 
sidered an average. The Dakota-Lakota productive area is approximate- 
ly 350 acres. Recently several good wells have been completed in the 
Sundance sand at a depth of 2,050 feet. The boundary of oil production 
in the Sundance, where determined, is nearly the same as in the Dakota- 
Lakota. 

The normal daily production of the field from 1924 to 1927 was ap- 
proximately 5,000 barrels per day. The total production of oil to April 
30, 1927, Was 9,339,156 barrels. The American Petroleum Institute esti- 
mate of future production, as of January 1, 1926, was 10,000,000 barrels, 
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at which time 6,889,145 barrels had been produced and the oil in the 
Sundance sand had not been discovered. 

The oil from the Dakota sand has a gravity of 32°-33°. It is excep- 
tionally high in paraffin, so much so that it acquires the consistency of 
vaseline at ordinary autumn temperature. The gasoline yield by distilla- 
tion is 12-15 per cent. 

The Sundance oil-has a gravity of 30° and a gasoline yield of 12.6 per 
cent by distillation. 

The Frontier sand oil has an average gravity of 31° and contains a 
little less paraffin than the Dakota oil. 

The composite gasoline yield of the. mixed oils at the refinery by both 
distillation and cracking is 50 per cent. 

The Embar, Tensleep, Amsden, and Madison formations of Carbonif- 
erous age have not yet been tested but may be regarded as possible sources 
of black oil. The Tensleep sand is the most promising of these horizons 
and will be reached at a depth of approximately 3,500 feet on the crest. 
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The combination of favorable structure with the least depth obtain- 
able in the district makes Little Lost Soldier dome first choice as a place 
to test the deeper black-oil horizons. 


WERTZ DOME 


Structure.—Wertz dome is contiguous to Little Lost Soldier dome 
and lies within the same partly encircling Mesaverde rim rock. Although 
their crests are but 23 miles apart and the surface has approximately the 
same elevation on both structures, the crest of Wertz dome is 2,000 feet 
lower structurally than that of Little Lost Soldier dome. In other words, 
depths to corresponding horizons are 2,000 feet greater on Wertz dome. 

The structure is an elliptical dome, slightly smaller and slightly more 
elongate than Little Lost Soldier, with an independent closure of 1,400 
feet above the syncline which separates it from the latter structure. The 
northeast or mountainward flank dips 50° at the steepest points, and the 
southwest flank dips 23°, where most highly inclined. The maximum 
northwest axial pitch observed is 13°. The southeast axial pitch has not 
been determined with precision, but its average is less than the northwest 
pitch. 

There is already proof of some deformational stratigraphic thinning 
on the northeast flank of Wertz dome, but development has not pro- 
ceeded far enough to reveal completely the curve on the Dakota sand. 
Extreme scarcity of exposures makes the status of faulting indeterminate, 
although calcite fissure filling and abrupt color changes in isolated shale 
exposures suggest some faulting. The subsurface data, admittedly inade- 
quate, indicate no faulting of any considerable magnitude. Faults do not 
seem to be important features on Wertz dome, as they are on Little Lost 
Soldier dome. 

Even if faults of considerable magnitude exist on Wertz dome, 
the 2,100 feet of comparatively incompetent shale above the Frontier 
sands and the 3,400 feet of section, largely shale, above the Dakota 
sand would probably preclude the existence of avenues of migration 
and escape to the surface. Absence of faults, or their tightness if 
present, seems best to account for the occurrence of gas to the exclusion 
of oil on Wertz dome, whereas oil to the exclusion of gas occurs on the 
immediately adjacent and structurally higher and profoundly faulted 
Little Lost Soldier dome. In accordance with this view, the writer has 
long felt that the sands below the Dakota would be oil sands at Little 
Lost Soldier and gas sands at Wertz. Recently the Sundance sand was 
found oil-bearing at Little Lost Soldier, and the Lakota sand gas-bearing 
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at Wertz. Attempts are now being made at Wertz to drill through the 
high-pressure gas in the Dakota and Lakota sands in order to test the 
Sundance sand. The Sundance may be expected to be primarily a gas 
Sanaa + 

Production.—The shallowest sandstone member encountered in drill- 
ing is the G. P. sand at approximately 600 feet in depth. It carries a 
small amount of water but no oil or gas. 

The Frontier sands at a depth of 2,125 feet on the crest of the struc- 
ture are water-bearing, with the exception of a small gas pool of approxi- 
mately 40 acres on the exact apex of the dome. The Frontier gas had an 
initial pressure of 850 pounds per square inch. Proximity of water wells 
to gas wells in this sand indicates that no ring of oil exists outside of and 
under the gas. 

The Mowry shale yielded 50 barrels of oil per day for several months 
in the discovery well but was not productive in the other six wells. Pro- 
ductivity of the Mowry would occur only in open fissures and pockets, 
and would be expected to be erratic, as it is. 

The Muddy sand is not recognized in drilling. 

The Dakota sand at a depth of 2,400 feet is the most important pro- 
ductive horizon. The gas pool in this sand on July 1, 1926, was approxi- 
mately bounded by the 3,100-foot contour and had an area of 410 acres. 
The original productive area was somewhat larger, possibly 500 acres. 
The original pressure was 1,840 pounds per square inch, or 367 pounds 
greater than the accepted normal for the depth. 

No ring of oil of any importance exists outside of and under the gas 
in the Dakota sand, since Well No. 2, Section 7, an edge gas well, 440 feet 
vertically below the crest, went to water rather than oil. Well No. 3, 
Section 7, located 660 feet vertically down structure, encountered water, 
with only a showing of oil. 

The only well yet drilled below the Dakota sand reached the second 
sand, presumably the Lakota, at a depth of 3,547 feet, an interval of 
147 fect below the Dakota, and found gas under 1,350 pounds pressure, 
or 185 pounds less than the normal for the depth. 

The occurrence of supernormal pressure in an upper sand and sub- 
normal pressure in a lower sand is anomalous and deserves discussion. 
There is every reason to believe that the hydrostatic head in the two sands 
is the same, since their outcrops are within 200 feet of one another and 
at approximately the same elevation. The explanation for inequality of 
pressure which seems most satisfactory to the writer is that there is inter- 
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communication between the sands and that during withdrawal of gas 
from the upper sand the lower sand had been partly depleted before it was 
penetrated by the drill. 

The Sundance sand, not yet explored, should be reached at a depth 
of approximately 4,000 feet, and may, with considerable confidence, be 
expected to produce a large amount of gas under very great pressure. 

The Carboniferous black-oil horizons are not attractive objectives 
here on account of depth, 5,700 feet and greater. 

The remarkable productivity of the Dakota gas sand on the Wertz 
dome makes a few production figures seem worthy of a place here. 

The discovery well, with initial open flow of 40,000,000 cubic feet, 
pressure 1,800 pounds, commenced delivering gas to the pipe line on 
December 31, 1921, and on December 31, 1926, had delivered 21,618,- 
498,000 cubic feet of gas. Two gas wells completed during 1925 and 1926 
contributed an additional 3,682,987,000 cubic feet, making the total 
metered production from the Dakota sand for the five-year period 25,30r,- 
485,000 cubic feet. Gas unavoidably lost can only be estimated but would 
probably be almost 2,000,000,000 cubic feet. The average rock pressure 
in the three Dakota sand wells was 632 pounds on December 31, 1926. 

The Dakota gas originally carried 9 pints of gasoline per 1,000 cubic 
feet and yielded 1oo~200 barrels of natural gasoline per day at the field 
drips for two or three years. The natural-gasoline production then gradu- 
ally declined, in accordance with the decline in volume of gas produced. 
The remaining gasoline is extracted at an absorption plant. Authentic 
figures are not presented for the total natural gasoline yield, but an 
estimate is 250,000 barrels, nearly all of which came from Well No. 1. 


BUNKER HILL DOME 


Structure.-—Bunker Hill dome is a small structure possessing approxi- 
mately 600 feet of closure squeezed between Wertz dome and the Ferris 
Mountains. The*lower resistant sandstone members of the Mesaverde 
formation which form the rims of the other folds have not been removed 
by erosion on Bunker Hill; hence, this dome is the only one in the district 
which finds topographic expression as an eminence. 

Production.—A well drilled near the crest to a depth of 827 feet is the 
only development recorded. The first 450 or 500 feet of this hole is in 
Mesaverde, and the remainder in Steele shale. No oil or gas was found. 
The G. P. sand would be expected at 4,600 feet, the Frontier at 6,050 
feet, and the Dakota at 7,300 feet. 

On account of excessive depths to prospective sands, the Bunker Hill 
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dome is not an attractive prospect and could not properly be considered 
by any but large operators already heavily interested in the vicinity. 


MAHONEY DOME 
Structure—Mahoney dome has a broad, fairly flat crest area. Gentle 
dips of not more than 10° continue outward from the apex toward the 
west, south, and east. Northward the dip changes gradually from zero 
at the crest to approximately 10° within a distance of 2,000 feet from the 


Fic. 4.—Structure contours on top of Dakota sand, Mahoney dome. Datum, sea- 
level. Contour interval, roo feet. 


crest, where it bends abruptly into 55°. The north-south section across 
the dome is therefore highly unsymmetrical and is unique in that it 
possesses two centers of curvature (Fig. 5). The independent closure 
above the structural saddle between Mahoney and West Ferris domes is 
only 350 feet, but the effective closure is 2,000 feet or more. 

Mahoney dome is evidently not extensively faulted, if at all, near 
the crest. The entire crest area is under cover of a soil mantle, so that 
nothing. can be observed at the surface. However, the too-foot contours 
on the Dakota sand fail to show any faulting. The south rim formed by 
the outcrop of the G. P. sand (top of the Niobrara) discloses several 
normal dip faults of very small throw, but it is probable that few, if any, 
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reach the Dakota sand. Drilling in the vicinity is not sufficient to detect 
faulting by means of subsurface data. Even if faults exist, they lie largely 
outside the productive areas of the Dakota and Sundance sands, so that 
it is assumed that faulting has little or no effect on oil and gas accumula- 
tion on Mahoney dome. 

Absence of extensive faulting, with consequent lack of avenues of 
migration and escape, seems to be the best reason why Mahoney dome 
yields gas to the practical exclusion of oil in the three horizons thus far 
tested. 

Production.—The Frontier sands are water-bearing, with the excep- 
tion of a small amount of gas encountered by the discovery well on the 
exact crest. The flow was not of commercial value. 


S: T25N\T 26N. i N. 
Sec. /0 See. 3 Sec. 34 See.27 


S72 [pas J 
sr : en es 
FRONTIER i ee —————— GAS 
DAKO 


SUNDANCE 


TENSLEEP SEA _LEVEL 


Fic. 5.—Cross section of Mahoney dome. Same vertical and horizontal scales. 
Depths in feet. 


The Dakota sand, reached at 2,160 feet on the crest, has produced 
large quantities of gas but is now practically exhausted. The initial pres- 
sure was 825 pounds per square inch. The Dakota productive area was 
bounded approximately by the 4,300-foot contour and was approximately 
1,600 acres. 

Authentic figures for total gas produced from the Dakota sand are 
not easily available because several companies are involved. Metered 
production of the largest producing company from inception of produc- 
tion in 1922 to December 31, 1926, was 8,937,718,000 cubic feet. Produc- 
tion of other companies during the period may be assumed as 3,000,- 
000,000; and loss, principally due to fire and to wild flow of the Kasoming 
discovery well, was probably more than 6,000,000,000 cubic feet. <A 
reasonable figure for the total amount of gas in the Dakota sand is 
1'7,000,000,000 cubic feet. 

An insignificant ring of oil surrounding the gas in the Dakota sand is 
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of technical, but not commercial, interest. Producers and Refiners Well 
No. 2, Sec. 4, T. 25 N., R. 88 W., on the 4,316-foot contour, found water 
and a showing of oil and gas. The well might have been commercial had 
it been possible to complete it. The Midwest Refining Company well in 
the same section, on the 4,150-foot contour, found water and a showing 
of oil. Ohio Oil Company Well No. 1, Sec. 36, T. 26 N., R. 88 W., on the 
4,342-foot contour, was a commercial gas well. On the north flank Kaso- 
ming Well No. 1, Sec. 26, T. 26 N., R. 88 W., on the 4,215-foot contour, 
was able to produce less than 5 barrels of oil per day for some time, but 
there was water with the oil. This is 100 feet lower than the gas and oil 
showing in the edge well on the south flank, but the circumstances do 
not permit precise statements concerning the difference in elevation be- 
tween the water levels on the north and on the south flanks. It should be 
observed that since the sand stratum, 25 feet thick, is inclined 55° on the 
north flank and only 10° on the south flank, a given amount of oil would 
have a greater vertical development on the north flank. 

The Sundance sand at a minimum depth of 2,575 feet will ultimately 
be the greatest producer of gas on Mahoney dome. From the inception of 
production late in 1924 to December 31, 1926, this sand had produced 
7,487,524,000 cubic feet of gas. The initial pressure was 1,220 pounds per 
square inch, and the productive area somewhat greater than 1,600 acres. 
It is now somewhat less than that. 

No horizons below the Sundance sand have been tested on Mahoney 
dome, although the Tensleep sand was penetrated in the structural saddle 
between Mahoney and West Ferris and yielded sulphur water. The Ten- 
sleep is still a prospective source of black oil higher on the structure. 


FERRIS DOME 


Structure —Ferris dome is a sharply folded, elongate dome, having an 
independent closure of 1,200 feet and a total closure of at least 2,700 feet. 
The maximum inclination of the northeast flank is 45° and that of the 
southwest flank is 25°. 

Surface evidence of the fold is almost entirely masked by sand dunes; 
but at a few points where the sand is thin or absent, pits dug in the chalky 
shale phase of the lower Niobrara reveal the structure in part. At one 
place the surface axis of the anticline has been located exactly, and, since 
the axis on the Dakota sand has been determined precisely by subsurface 
data, the inclination of the axial plane is thus known (Fig. 7). The hori- 
zontal offset is 300 feet toward the flank of lesser inclination at a depth 
of 1,750 feet. This offset is slightly less than the theoretical amount and 
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indicates that the axial “plane” is not a true plane but is a curved surface, 
convex toward the gentler-dipping flank. 
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Fic. 6.— Structure contours on top of Dakota sand, West Ferris and Ferris domes. 
Datum, sea-level. Contour interval, 500 feet. 
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The closeness of the folding introduces some thickening on the crest; 
thus, the interval from the top of the Frontier to the top of the Dakota 
becomes 1,500 feet, an increase of 100 or possibly 200 feet. 

If Ferris dome is faulted, the surface cover conceals the evidence. It 
has been rather closely drilled along the axis, yet the subsurface data 
indicate little or no faulting, certainly none of any magnitude. 

Production.—The main sand members of the Frontier formation at a 
minimum depth of 290 feet carry water but no gas or oil. The thin and 
more or less lenticular sand members of the lower Frontier yield showings 
of gas and oil. 

The shallowest commercial oil production comes from the Mowry 
shale and the sandy beds in the Thermopolis shale at depths ranging 
from 1,200 to 1,700 feet. As there are no sand members in the Mowry, 
and the oil does not seem to occur at definite horizons, it is assumed that 
it occurs in pockets and fissures produced by the intense folding of the 
brittle, siliceous shale. A rather persistent oil-producing horizon com- 
posed of approximately 5 feet of sandstone or sandy shale, 140 feet above 
the Dakota sand, is assumed to be the Muddy sand. 

The Dakota and the Lakota sands, scarcely separable at Ferris, carry 
gas along the crest of the fold, surrounded by a very narrow ring of oil. 
Since the annular oil zone is only 200-300 feet wide and is somewhat 
variable as to position with respect to the contours, it is difficult to locate 
and drill wells that will not enter either the gas or the water. Three gas 
wells at Dakota sand elevations of 4,800, 5,028, and 5,180 feet, respective- 
ly, went automatically to oil or became oil wells on being drilled deeper 
into the sand. 

Wells deepened to the Sundance sand, at depths ranging from 2,400 
to 2,600 feet, have been disappointing, as both gas and oil production was 
small. 

The Chugwater and deeper formations have not been tested, but a 
well now drilling has the Embar and Tensleep formations as objectives. 
The Tensleep should be reached at a depth of 4,100 feet. 

As a field, Ferris has always been unimportant, and gives little 
promise for the future. The oil wells are characteristically small, average 
less than roo barrels, and the gas wells soon became exhausted. Total 
production of oil to April 30, 1927, was 378,831 barrels. The American 
Petroleum Institute estimate of future production as of January 1, 1926, 
was 100,000 barrels, at which time 346,946 barrels had been produced. 

The total gas produced to December 31, 1926, all from the Dakota 
sand, was 1,517,022,000 cubic feet, from an area of approximately 200 
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acres. The gas wells are now practically exhausted and are for camp use 
only. 
MIDDLE FERRIS 

Structure.—Two separate structural closures occupy the anticlinal 
area between Ferris and Mahoney domes. The easternmost of these, 
known as Middle Ferris dome, is adjacent to Ferris dome and is separated 
therefrom by a shallow syncline which limits the independent closure to 
200 feet. This syncline is revealed by dips observable in pits dug in the 
shale at the few places not covered by sand dunes. A few strike and dip 
observations in pits, together with the records of the three gas wells, 
afford the only basis for determining the structure. The arrangement with 
respect to Ferris is en échelon. An en échelon arrangement with respect to 
West Ferris dome is also suggested by subsurface data, but the data are 
scarcely yet sufficient to control the contours fully in this locality. 

Both surface and subsurface data are inadequate to indicate presence 
or absence of faulting. 

Production.—The Frontier and all other sands above the Dakota are 
barren. 

Two gas wells in the Dakota sand, at a depth of 2,300 feet, and with 
an initial pressure of 800 pounds per square inch, had produced 1,816,- 
880,000 cubic feet, in addition to considerable loss, from 1921 to December 
31, 1926, at which time the pressure was 220 pounds per square inch. The 
remaining well of the three on the structure is a gas well in the Sundance 
sand. It had an initial pressure of 1,065 pounds and produced 1,043,- 
370,000 cubic feet of gas during 1925 and 1926, at which time the pressure — 
had dropped to 675 pounds per square inch. 

The gas area in the Dakota sand was probably not more than 160 
acres. The gas area in the Sundance sand is more than 300 acres and less 
than soo. No oil has been found under the gas; and if any exists, the 
amount is probably small. 

WEST FERRIS 

Structure.—West Ferris dome is entirely concealed by soil and sand. 
Its crest was determined by interpolation and the first well, No. 1, in Sec. 
29, T. 26 N., R. 87 W., thereby located. Six subsequent wells proved the 
correctness of the first location and permitted the drawing of controlled 
contours, except at the east end. The west end of West Ferris dome is 
separated from Mahoney dome by a structural saddle which may be 
faulted. The strikes and dips, together with the subsurface data strongly 
suggest the presence of faulting; but in the absence of direct evidence of 
faults, only the symbol for a conjectural fault is given on the map. 
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With the elevation of the Dakota sand 4,890 feet on the crest, the 
structure has nearly 500 feet of closure above the highest adjacent syn- 
cline. 

The contours on the Dakota sand do not disclose any faulting. 

Production.—Gas only is produced. The shallowest productive hori- 
zon is the Dakota sand, at a depth of 2,140 feet. The discovery well, the 
only well completed in the Dakota, had initial pressure of 650 pounds per 
square inch and yielded 2,266,124,000 cubic feet during its Dakota life. 

The two wells in the Sundance sand had produced 2,737,000,000 
cubic feet to December 31, 1926. The pressure had not decreased from 
an initial average of 1,000 pounds per square inch. 

The semiproved gas area in the Sundance sand is approximately 2,000 
acres. A very narrow ring of oil under the Sundance gas, probably not of 
commercial value, is suggested by one well. 


G. P. STRUCTURE 


Structure.—The G. P. structure, so called after the General Petroleum 
Company of California, who have been the principal operators in the 
locality, seems to be merely the southeast end of one of the Ferris domes. 
No evidence indicating separate structural closure for the G. P. locality 
can be found, all data pointing rather to continuous southeastward pitch. 

Production.—The oil comes from the G. P. sand, which, as previously 
described, is a non-uniform horizon of sand and sandy shale transitional 
between the Niobrara and the Steele formations. It is quite conceivable, 
without recourse to structural closure, that a horizon characterized by 
lenticularity and variable porosity may serve as a reservoir for oil. On 
two other structures in which the G. P. sand is under both cover and 
closure,.namely, Wertz and Sherard, it carries water only. 

The few wells which have reached the Frontier sands in the G. P. 
field found them unproductive of oil and gas in commercial quantities. 

Approximately 200,000 barrels of oil have been produced from the 
G. P. field, but under such a burden of cost for development and adjacent 
exploration that the operations as a whole have been far from profitable. 


O’BRIEN SPRINGS ANTICLINE 
The O’Brien Springs anticline is of little interest because it is unpro- 
ductive of oil and gas and gives little promise for the future. The fold 
can be traced for a distance of 25 miles east and west. At the west end 
the axis veers rather abruptly northward and becomes the Sherard dome 
axis. From Sec. 2, T. 25 N., R. 88 W., to Sec. 2, T. 25 N.,R. 87 W., there 
are no exposures, and the axis was located by interpolation. It seemed 
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probable that closed structure should exist somewhere along the con- 
cealed fold; accordingly, during the summer of 1927 five diamond-drill 
holes were put down in Sec. 2, T. 25 N., R. 88 W., with the hope that 
reverse (west) axial pitch might be found. The correlated cores proved 
that the axis had been correctly located but that there is a continuous 
eastward pitch; therefore, no closure at the locality. There is no prob- 
ability of reversal west of the cored area because of east dips observed in 
Sec. 34, T. 25 N., R. 88 W., and the fact that the structure must rise 
materially to reach the crest of Sherard dome. 

The east end of O’Brien Springs fold possesses 500 or 600 feet of 
structural closure, as determined from a survey of the upper Steele sand 
rim rock and two transverse sections, one drawn at the apparent struc- 
tural saddle in Sec. 2, T. 24 N., R. 87 W., and the other through the 
Ohio Oil Company’s dry hole in Sec. 5, T. 24 N., R. 86 W. When, how- 
ever, the curve representing the Dakota sand, 6,000 feet below the Steele 
sand, is drawn in on the two transverse sections, it is found that the 
closure practically disappears. This is caused by the fact that in the 
easternmost section the folding is more acute and the thickening of the 
6,000-foot interval to approximately 6,600 feet practically nullifies the 
closure determined graphically in the Steele sand. Although the struc- 
tural control thus established is necessarily not precise, it would seem 
that there is little probability of adequate structural closure on the 
Dakota sand; consequently, little inducement to drill a well 4,500 feet 
deep to test this sand. 

Unfortunately, the three unsuccessful wells drilled by the Ohio Oil 
Company on O’Brien Springs anticline do not conclusively test the 
structure. The first well, located in Sec. 5, T. 24 N., R. 86 W., is very 
near the crest, but the depth of 3,205 feet was not sufficient to reach the 
Frontier sands. A very good showing of oil was reported at a depth of 
1,612 feet, which should be in or near the G. P. sand. Well No. 1, Sec. 
2, T. 24 N., R. 87 W., encountered a flow of gas in one of the lower 
Frontier sands but did not reach the Dakota sand because of mechanical 
difficulties. Well No. 2 in the same section reached the Muddy and the 
Dakota sands and found them barren. The two wells in Section 2 are 
not favorably located, as they are in the structural saddle which limits 
the closure in the exposed beds. 


SHERARD DOME 


Sherard dome is almost entirely covered by sand and soil and can be 
mapped only by means of projection of rim-rock data and by well records. 
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That the crest is in Sec. 14, T. 25 N., R. 89 W., in the vicinity of the 
Producers and Refiners Corporation well, where the Dakota sand rises 
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Fic. 8.—Structure of Sherard dome, contoured on top of Dakota sand. Datum, 
sea-level. 


to an elevation of 3,596 feet above sea-level, is now well established. The 
only essential feature now undetermined is the depth of the structural 
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saddle between Sherard and Mahoney domes. Upon the depth of this 
saddle depends the amount of closure on Sherard dome. Even now it is 
evident that the depth of the saddle cannot be great and the closure 
therefore not large. The G. P. sand serves as a shallaw key horizon here; 
and its depth in Section 12, T. 25 N., R. 89 W., if determined by a few test 
holes, would indicate the amount of closure. 

Seven wells, of which five tested the Frontier and two the Dakota 
sands, prove the absence of commercial oil and gas in these sands. These 
wells, together with four shallow structure-test holes drilled by the Ohio 
Oil Company, control the structure contours in the central, covered area. 

Immense flows of fresh artesian water from both the Frontier and 
Dakota sands indicate vigorous artesian circulation; consequently, un- 
favorable conditions for accumulation and retention of oil and gas. 
Showings of gas and oil were encountered in some of the sand members of 
the Frontier formation, particularly in the lower thin and lenticular sands 
which would naturally be less affected by the flushing action of artesian 
circulation; but such circulation in the main prospective sands, induced by 
inadequate closure and by gentleness of closing dip, is the most obvious 
reason for barrenness. 

Because of the almost total absence of exposures within the Mesaverde 
rim on Sherard dome, there is no opportunity to observe fault criteria or 
other details of structure. Even the rim of more or less resistant sand- 
stones has been largely removed by erosion and is now marked only by 
widely separated monadnocks in the shape of short hogbacks and cones. 
Recognition of definite horizons in these outcrops is difficult; but failure 
of certain horizons to join in a smooth curve because of apparent offset, 
when location, elevation, strike, and dip are considered, strongly sug- 
gests faulting somewhere within the covered area between the out- 
crops. Such more or less conjectural faults are represented on the map 
by lines composed of very short dashes. Faulting is also suggested by 
subsurface data in the vicinity of the Kasoming and the Producers and 
Refiners wells in Secs. 11 and 14, T. 25 N., R. 89 W. In general, however, 
the status of faulting is indeterminate on Sherard dome. 

Although the Frontier and Dakota sands carry water, the writer is of 
the opinion that the Sundance sand at an estimated depth of 2, 500 feet 
is a fairly favorable prospect for oil and gas. The principal reason for this 
belief is the fact that the Sundance is a finer, tighter sand than the Dakota 
and should be less subject to artesian flushing. The chances for Sundance 
oil and gas would appear even more favorable if the closure were aug- 
mented by structure tests in Sec. 12, T. 25 N., R. 89 W. 
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BUCK SPRINGS STRUCTURE 
The Buck Springs structure is a half-dome in the Cretaceous forma- 
tions, its crest located in Sec. 29, T. 23 N., R. 88 W. The Cretaceous 
strata, with the lower chalky member of the Niobrara at the surface, dip 
southwest, west, and northwest from a crest; and the whole is downthrown 
against the Tensleep, Amsden, and Madison formations of Carboniferous 
age. 
In the hope that the fault planes were tight and that they would thus 
effect closure on the east, a well was drilled which tested the Frontier, 
Dakota, and Sundance sands and found them barren or filled with water. 
The well was located approximately 1,200 feet west of the fault scarp, but 
it was impossible to avoid all faults. The interval from the Frontier to 
the Dakota was 500 feet short in the well, which indicated that one im- 
portant fault, or possibly more, had been penetrated. As it would be nec- 
essary to remain on the down-dip side of all faults of any consequence in 
order to expect oil and gas accumulation, the test was inconclusive, but 

the prospect is not very attractive for further exploration. 


BELL SPRINGS (SEPARATION FLATS) DOME 

The Bell Springs dome is a structural closure soo feet in height, with 
its crest in Sec. 6, T. 23 N., R. 88 W. The west flank is marked by the 
steeply westward-dipping Mesaverde sandstone escarpment. The south 
closure is indicated by dips in the uppermost Niobrara. Evidence of the 
syncline which limits the closure on the east is seen in Sections 8 and 17. 
The north closure and the entire crest area have been determined from 
well records. 

The structure is highly faulted, probably much more intricately than 
the meager exposures indicate. The faulting is largely longitudinal and 
seems to be the northern terminus of the Rawlins fault zone. 

A well close to the apex of the dome, in Section 6, found gas and water 
in the Dakota sand at a depth of 1,920 feet. Several other wells lower on 
the structure found water in the Frontier and the Dakota sands. The 
deepest well on the dome found a good showing of oil in the Mowry shale, 
but all sands down to the lower Sundance or upper Chugwater were 
water-bearing or barren. The Tensleep sand at an estimated depth of 
4,100 feet may contain black oil, but the depth is discouraging. 


SOURCE OF THE OIL AND GAS 


The Mowry, Thermopolis, and upper Dakota shales are dark colored 
and visibly organic, and it has long been known that oil can be distilled 
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from the Mowry beds. The laterally continuous and rather uniformly 
porous sandstone members nearest these organic shales are the Dakota 
and the Lakota sandstones which lie below them, and these are, to date, 
the principal productive strata. Oil and gas derived from the Mowry, 
Thermopolis, and upper Dakota shales, therefore, reached the Dakota 
and the Lakota sands by downward migration. The Frontier sands, 
excellent reservoirs though they are, carry oil and gas nowhere in the 
district, except the oil at Little Lost Soldier and a very small gas pool at 
Wertz. Evidently the lower Niobrara and lower Frontier shales in con- 
tact with these sands do not contribute oil and gas to them. The oil in 
the Frontier sands at Little Lost Soldier is easily explained by migration 
from the Dakota sands, along faults which are known to effect intercom- 
munication between these sands. It seems probable that the oil and gas 
in the Sundance formation was also derived from the same source by 
downward migration, since it is less probable that it was derived from the 
Chugwater “‘Red-beds” or that it migrated through them from below. The 
Sundance, however, is composed in part of fossiliferous marine shales and 
limestones, and it is possible that these beds have furnished all or a part 
of the oil and gas in the Sundance sands. 


SUPPLEMENTARY NOTE 


Developments since the completion of this article in November, 1927, make 
necessary the following correction. 

t. Recent core drilling indicates the presence of a north-south anticline, 
possessing the Rawlins Hills structural influence, in that locality situated be- 
tween the southeast end of Sherard dome, T. 24 and T. 25 N., R. 88 W., and 
the west end of east O’Brien Springs anticline, Sec. 1 and 2, T. 24 N., R. 87 W. 
The extension of the east-west O’Brien Springs anticlinal axis across this area 
as shown in Figure 9 is therefore incorrect. 

2. Several hundred barrels of oil accompanied by water discovered in the 
lower Embar formation or upper Tensleep sand on Ferris dome had a gravity of 
36 degrees. It is possible that commercial pools of high-gravity oil occur on 
other structures in the Lost Soldier district. 


ROLE OF GEOLOGIC STRUCTURE IN THE 
ACCUMULATION OF PETROLEUM: 
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ABSTRACT 


This paper is intended to summarize and correlate the results of the papers in- 
cluded in the two volumes that comprise the symposium on geologic structure held by 
the American Association of Petroleum Geologists. The examples of various types of 
structure that are cited are drawn largely but not entirely from the symposium. Al- 
though, on casual reading, many of the papers may seem to depart in some particulars 
from recognized structural principles, petroleum geologists are not misled by the seem- 
ing ‘‘exceptions” into supposing that conditions really conflict with the principles. Care- 
ful studies have proved that the accepted relationships of oil and structure prevail uni- 
versally, subject to the control of other fundamental criteria. The advance of our.sci- 
ence during the last few years emphasizes the existence of many factors that were 
formerly unsuspected, any or all of which may affect the position of oil on, or in relation 
to, favorable structural areas. Every so-called “exception” is found to clinch the struc- 
tural principles more firmly than before, and we can go forward with greater confidence 
despite seeming difficulties and can more keenly appreciate the pitfalls and the means 
for avoiding them. 


I. INTRODUCTION 


Any generalization as to the importance of geologic structure based 
upon a study of specific fields may be considered by some persons as hav- 
ing limited application and its utility may be gauged erroneously by the 
number of fields considered, even though all the individual writers on 
those fields may have arrived at definite and correct results in their re- 
spective fields of activity. However, this seeming weakness in a generali- 
zation may be made its source of strength. 

In a discussion of the geologic structure of American oil fields we are 
confronted by the fact that they are of many different geologic ages, 
which range from Ordovician to Quaternary. Moreover, American struc- 
tural conditions, although not so complicated, perhaps, as those of Poland 
and Persia, are multifold in their nature. Thus, American fields are ad- 
mirably qualified to serve as world-types. Our present point of view is 
also governed by several other factors, as follows: 


x Presented by title before the Association at the Fort Worth meeting, March 21, 
1929. Manuscript received by the editor, July 9, 1929. 
2 Consulting geologist, 50 Church Street. 
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1. This paper is written with the object of summarizing and correlat- 
ing results of the papers included in the symposium (Vols. I, IZ) on 
geologic structure held by the American Association of Petroleum Geolo- 
gists. : 

2. The fields considered in the symposium are believed to be fairly 
typical of those which exist in their respective petroliferous provinces. 

3. The fields considered are among those on which enough surface and 
subsurface data are available to enable their writers adequately to inter- 
pret them. 

4. ‘The papers are written by authorities on the geology of the re- 
spective fields. 

5. Some of the more abnormal types of oil occurrences considered 
lie in states which have only recently come into public notice as oil pro- 
ducers. 

Since the paper is written for the definite purpose stated, the ex- 
amples quoted are drawn mainly from the symposium. The vast array of 
structural evidences that have appeared in geologic literature during the 
last quarter of a century could not be adequately considered here. There- 
fore, literature of outside derivation is, in general, only referred to in so 
far as it is important for the purpose of completeness or to avoid attaching 
undue weight to certain counteracting inside evidences. Neither is the 
paper intended as an exhaustive commentary on all references that are 
found in the two volumes on any particular phase of the broad subject. 
It is in no degree intended as an index, for only typical examples have 
been selected for each phase of the réle of structure. 

Although the importance of structure is stressed throughout the sym- 
posium, an effort was made to emphasize such other phenomena as also 
influence accumulation. These may be porosity, cover, hydrostatics, hy- 
draulics, degree of metamorphism, tectonics, migration, regional sedi- 
mentation, periods of folding, unconformities, paleogeographic factors, 
faulting and fracturing, genesis, source of origin, etc., any one of which 
may be worthy of a symposium in itself. In particular we should under- 
stand that “structural accumulation” is not synonymous with “anticlinal 
(or domal) accumulation.”’ Another point that the reader must bear in 
mind is the difference between surface structure and subsurface structure 
as determined for any particular stratum. The writers appear to have 
fully elucidated these differences. 


"Volume references in text of this paper refer to this book, Structure of Typical 
American Oil Fields. 
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This paper is written in a foreign country,‘ where the writer’s technical 
library is not available; hence he begs the indulgence of his professional 
confréres for any omissions of credit in references to the literature. It 
would not be practicable to mention all of the sources that have proved 
useful in the study; and still less would it have been possible, in the pres- 
ent effort, to study or to refer to all pertinent papers that have been 
written. The writer takes especial pleasure in acknowledging the helpful- 
ness of Sidney Powers in reading the preliminary draft of the manuscript, 
making numerous comments, and supplying information on various lo- 
calities. Thanks are also due to John L. Rich, F. H. Lahee, and other 
geologists for helpful suggestions. In addition, the writer’s appreciation 
extends to the entire geologic fraternity for the abundance of existing in- 
formation pertinent to the réle of structure. 


2. RELATIVE IMPORTANCE OF STRUCTURE AMONG 
ACCUMULATION CRITERIA 


Statement of fundamental criteria.—The three or four criteria necessary 
for oil accumulation that were recognized a generation ago have been 
supplemented from time to time by others, so that there are now no less 
than eight criteria that may be considered fundamental, all of which must 
be applied and satisfactorily met if a locality is to be considered geologi- 
cally favorable. We are here concerned mainly with proved fields of com- 
mercial value, and not with minute or sporadic oil deposits in rocks of 
many classes, ages, types of structure, and modes of origin. Two years 
ago the fundamental criteria for commercial oil occurrence were classi- 
fied’ (25)? as follows: 


FUNDAMENTAL CRITERIA FOR O1L OCCURRENCE3 


1. Are the rocks of sedimentary origin? 

2. Is the age of the strata (in part at least) similar to that of 
oil-field strata in some known oil or gas field? 

3. Does a possible source of origin exist? If this be not appar- 
ent, may it nevertheless be present? 


«Mr. Clapp’s foreign address at the time was 68 Quai d’Auteuil, Paris XVI, 
France.—EDpITor. 

2 Number references in text of this paper refer to list of references at end of 
paper. 

3 “Surface indications” or seepages are here omitted, for, although they constitute 
a criterion, they are not a necessary fundamental of the accumulation or occurrence of 


oil. 
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4. Do porous beds or “reservoirs” exist in which oil may be held 
in commercial quantity? 

5. If so, does sufficient “cover” exist above the reservoir beds to 

prevent the oil or gas from escaping to the surface and being 
lost? 

6. Are the strata so slightly metamorphosed by heat or pressure 
that the oil has presumably not been driven out? 

7. Does “geologic structure” exist suitable for concentrating 
oil in commercial quantity? 

8. Are the hydrostatic conditions such as will not prohibit the 
accumulation of oil in pools? 

Importance of structure as a criterion —In considering the numerical 
order in which the structural criterion (No. 7) in the table should be 
ranked, we may start with the axiom that structure is ove of the criteria 
for the accumulation of oil. A matter of equal certainty is that undue 
weight must not be attached to the existence of suitable structure; for, in 
the absence of a satisfactory accord with the other fundamental criteria 
enumerated, oil in commercial quantities will not be found. The question 
we should all ask ourselves, in general and as applied to every individual 
geological problem, is exactly what relative importance to assign to struc- 
ture; for “an anticline in a petroliferous province is not the sole desidera- 
tum” (Vol. II, Prefatory Note). 

Importance of structure variously gauged.—Doubtless the question 
would be answered in various ways by men working in different fields as 
well as by those concerned at different stages in the development of any 
particular field. For instance, structure as a criterion may be of greater 
relative importance to oil accumulation in the Rocky Mountain fields 
than it is in Oklahoma, and it may be of greater relative importance in 
Oklahoma than it is in Ohio. Structure may be of the most obvious im- 
portance in the early days of the development of a certain oil field; yet a 
stage may be reached during its development at which wells can be safely 
located within certain defined limits without the aid of structural geology. 
Still later, the utmost geological care may be necessary when locating 
edge wells in order to avoid their falling outside oil-bearing limits. 

Necessary thoroughness of structural studies —For these reasons each 
geologist must answer the question of the relative importance of structure 
in his own way. But he cannot avoid the conviction that structure is of 
great importance in oil accumulation and that it must be adequately 
considered at some stage in the field studies. Not only must the geologist 
consider the structure, but its multifold aspects must be taken up, point 
by point, section by section, contour by contour, until the most minute 
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details are given their proper application. The geologist must know the 
surface structure, the subsurface structure, and their relationship. If there 
are productive sands of more than one subsurface attitude, the respective 
structural surfaces must be considered in detail and all predictions must 
be based thereon. No phase of structure or of structural methods or rea- 
soning may be safely omitted from attention. 

Purpose of this paper summarized.—Thus far the field geologist is 
ahead of the generalizer; for structural details are nowadays commonly 


deciphered rather accurately, yet we are still asking some of the funda- | 


mental questions that were propounded in the early days of the profes- 
sion. For instance, we may reasonably ask, What is the relative impor- 
tance of structure? How can we properly evaluate certain structural phe- 
nomena? How do the so-called ‘‘exceptions” affect the structural theory? 
and so on. In other words, To what point has the profession advanced 
quantitatively? Doubtless every geologist and every geologic staff have 
found answers to such questions in specific fields of endeavor. Let us here 
make an effort to arrive at answers that can be applied more widely 
throughout our activities. 


3. PERTINENCE OF STRUCTURAL CLASSIFICATIONS 


When a geologist is studying any one of the great variety of structural 
types that produce oil, it is clear that he should hold in mind, consciously 
or otherwise, some sort of classification of favorable structures. The classi- 
fication of the writer, originally proposed in 1910 (19) and published in 
full in 1917 (22) is here revised and somewhat abridged to include only 
the known commercial and semi-commercial fields. The classification, 
though often quoted in the past, seems also essential to the present paper. 


CLASSIFICATION OF OIL AND GAS STRUCTURES* 


I. Anticlinal structures 

a) Normal anticlines 
b) Broad geanticlinal folds (or “regional uplifts’’) 
c) Overturned folds 

II. Synclinal structures 

IIL. Homoclinal structures 
a) Structural “terraces” 
b) Homoclinal ‘‘noses”’ 
c) Homoclinal “ravines” 

IV. Quaquaversal structures or “domes” 
a) Domes on anticlines 
b) Domes on homoclines and monoclines 


« Simplified for use in present paper. 
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c) Closed salt domes 
d) Perforated salt domes (or ‘“‘diapir” structures) 
e) Domal structures caused by igneous intrusions 
V. Unconformities 
VI. Lenticular sands (on any type of structure) 
VII. Crevices and cavities irrespective of other structure 

a) In limestones and dolomites 
b) In shales 
c) In igneous rocks 

VIII. Structures due to faulting 
a) On the up-thrown side 
b) On the down-thrown side 
c) Overthrusts 
d) Fault blocks (or horsts) 


¥ 


The investigator need not accept this classification, for others may be 
of equal merit; yet some complete classification should be borne in mind 
during any investigation of field conditions. It is probable that newly 
discovered classes and subclasses of structures will continue to be added 
from time to time as the science of geology progresses. Thus, in the opin- 
ion of the writer, a classification is so helpful that it ought to be worked 
out in greater detail than the one quoted rather than less thoroughly. 
The present paper is not intended to be either an elaboration or an ex- 
haustive commentary on the structural classification, but it is intended 
to stress some of the common types of structure and their related geologic 
features, 

4. ANALYSIS OF A FAVORABLE STRUCTURE 


Constituent parts of a favorable structure.-—It is convenient to bear in 
mind the distinction between the various parts or elements of a favorable 
type of structure. For instance, an anticline or a dome ordinarily has an 
axis, a crest, flanks, and closure. The last-named element is considered 
the most important with respect to oil accumulation. Some of the struc- 
tural features that occasionally modify a simple “‘structure” are faults, 
symmetrical and asymmetrical forms, etc. 

Related structural features.—Closely associated with the elements 
which compose producing structures are certain underlying and adjoining 
features, without which the structure might be barren; for example, re- 
gional structure, subsurface manifestations of various types, and the ad- 
joining synclines. 

This “anatomy” of a structure, as it might be called, results in the 
application of different names for the broader groups of favorable struc- 


STRUCTURE IN ACCUMULATION OF PETROLEUM 673 


tures, as in the anatomy of animals, plants, or minerals. Thus, if the struc- 
ture be domal, it may be either a dome on an anticline, a dome on a homo- 
cline, a salt dome (‘‘closed” or “perforated”’), or a dome penetrated by or 
underlain by an intrusive igneous mass. An anticline may be a strong 
feature standing alone, one associated with alternating synclines, one of 
the broad geanticlinal type, an overturned fold, or a faulted anticline. 

Other structural types.—Again, on homoclines, oil may be found on 
noses, in structural “ravines,” on terraces, or (again) on domes. In any 
of the existing types of favorable structures oil may be associated with an 
unconformity, or with faults, or occur in crevices, pores, or cavities (vary- 
ing in nature according to the different lithologic types). In addition there 
are the anomolies—oil in synclines, intraformational folding, and other 
misleading features. The réle of all of these must be inquired into. Inas- 
much as so many elements are allied with geological structures in the 
broad sense of the term, no wonder exists that the oil operator required 
decades to become convinced that oil accumulation is based upon definite 
principles and that it is not merely “where you find it.” 

Scope of the discussion.—The functions (or réles) of the different types 
of structures on which oil is common are now generally recognized by oil 
geologists, but it seems necessary to comment on these functions as ap- 
plied to the structures covered by the symposium and other favorable 
structures the world over. Only the principal types can be adequately 
discussed here. The reader should understand throughout that the state- 
ments, unless otherwise noted, refer to the structure of the top of the pro- 
ducing stratum and not to any surface rock form. The differences between 
surface and subsurface forms will be elucidated. 


5. ESSENTIALS OF ANTICLINES AND DOMES 


Definition—Many geologists consider any arch in the strata— 
whether long or short, open or closed—as an anticline, and the literature 
seems generally to justify such usage. In the writer’s structural classifica- 
tion (Art. 3)! an anticline was considered an upward arch that is con- 
siderably longer than wide and that is “closed”? horizontally in all direc- 
tions. In these days of specialized structure we need no longer refer to 
all uplifts or upward folds as ‘“‘anticlines’” without qualification, for anti- 
clines and their related structures have been given different names to ac- 
cord with their respective forms. Again, we need no longer avoid the use 
either of the term “anticline”? or of “dome’’ to designate subsurface 
(buried) anticlinal or domal structures (Art. 6); for many subsurface 


« Article references indicate subdivisions of this paper. 
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structures are anticlinal or domal where no confirmative surface structure 
exists. Almost any sort of structure may be found beneath a surface 
structure. 

Closure and structural relief —Anticlines and domes (as the terms are 
used in this paper) may collectively be called “‘closed structures,” and the 
writer prefers to limit these terms to structures that are closed, unless 
qualifying words are affixed. In analyzing a closed structure we may logi- 
cally ask what parts or elements of it are structurally essential and what 
their respective proportions may be of the anticlinal or domal area. But, 
in doing so, it is found that the size or proportion of any structural element 
has little importance. 

For instance, some surface structures in Oklahoma, Kansas, and Ohio 
have such slight relief as to be barely distinguishable in refined survey 
work; and, in cases in which structure of oil sands themselves has been 
determined by careful subsurface studies, the relief may be correspond- 
ingly small. The Francisco pool of Indiana (Vol. II) has only 40 feet of 
subsurface closure. That of the Morrison field of Oklahoma (Vol. I) ranges 
from 40 to 150 feet, according to the particular sand under considera- 
tion (Figs. 2-5).t The closure of the Cromwell sand of the Cromwell field 
(Vol. II) amounts to only 70 feet (Fig. 3). On the contrary, the total 
closure in the Elk Hills field of California (Vol. IL) is 450 feet (Figs. 4-6), 
and the closures of six producing domes in northwest Colorado (Vol. II) 
range from 400 to 1,200 feet (Figs. 2-8). Closure observed in some of the 
domes in the Big Horn Basin of Wyoming is from 1,000 to 2,000 feet, and 
the Little Lost Soldier field in that state (Vol. IT) has at least 3,500 feet 
of closure (Fig. 1). The Ordovician relief in the El Dorado field of Kansas 
(Vol. II) is approximately 800 feet (Fig. 5), although the surface closure 
in that field is only 150 feet. 

Similarly, the vertical relief of production on structure is also notably 
variable. Production may descend a dome only 60 feet from the crest, as 
at Fairport, Kansas (Vol. I) (Fig. 3), or it may descend many hundreds of 
feet, as in the Salt Creek-Teapot Dome field of Wyoming (Vol. II) (Fig. 1) 
and the Ventura Avenue field of California (Vol. IT) (Fig. 5). The ab- 
solute heights of closure and relief seem to have little relation to produc- 
tivity. And, as is shown in Article 7, production may exist in structures 
which have no closure whatever. : 

Rate of dip.—When oil was first discovered in the Appalachian region 
most geologists supposed that only structures of moderate dip would be 


‘Figure references in text throughout this paper refer to illustrations in papers 
cited. 
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found productive. When oil was discovered in the West in structures 
having 45°-90° of dip, these were believed to be exceptions to the gen- 
eral rule. It is now known that oil may exist in structures having any 
degree of lateral dip. And, although in oil fields of Paleozoic strata the 
dip ordinarily attains only a few degrees from the horizontal, this may 
not be a universal rule. 

Age of folding.—So far as the present writer is aware, the importance 
of knowing the age of folding of any structure on which predictions are 
to be made was first emphasized by Hintze (41) some years ago and the 
subject has not been pursued intensively; yet it deserves recognition. 
Furthermore, the structure of a field may have been greatly modified by 
repetitions of folding along divergent lines. Moulton considers (Vol. II) 
that the structure of Pennsylvanian strata in the Martinsville pool on the 
La Salle anticline of Illinois is “principally the result of renewed deforma- 
tion in post-Pennsylvanian time in areas subjected to important pre- 
Pennsylvanian folding.’ He declares that the principal uplift in that re- 
gion has a trend slightly west of north, but that the “local fold on which 
deep production is found has a northeast trend and makes an angle of 
about 40° with the trend of the regional uplift.” Similar examples may be 
found in the Mid-Continent fields. 

Jt would be interesting to map the alignment of the major axes of sub- 
surface domes in proved oil districts and to study their variations from 
normal. Such a study would doubtless bring out the fact that many of the 
subsurface “trends” are quite different from those of surface folds and 
that the subsurface trends more commonly parallel the pre-existing moun- 
tain ranges or other tectonic lines than they do the more recent surface 
alignments. A significant fact may be the common passing of folds into 
faults at depth and the arrangement of these faults in fairly regular sys- 
tems. 

6. ROLE OF ANTICLINES AND DOMES 


Importance of anticlines.—After four decades of petroleum geology the 
anticline remains a cynosure to an oil geologist in regions where the other 
necessary fundamental conditions prevail; and, when drilled, an anticline 
ordinarily rewards its discoverer by proving productive. A majority of the 
world’s great oil fields are still found on anticlines or associated with them 
or with structures that may be considered “species” of anticlines—domes, 
terraces, noses, and fault structures. Therefore, in considering the fields 
. covered by this symposium, we must first inquire to what extent produc- 
tion is anticlinal in a strict sense of the word. 
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Some typically anticlinal fields —Some readers may be surprised that 
only a minority of the fields are acknowledged without qualification to be 
strictly anticlinal. Hertel describes (Vol. II) the Ventura Avenue anticline 
of California as an ideal anticline—‘‘a sharp and well defined fold” with 
perfect closure on which a great oil field is situated. And, in the words of 
Pemberton (Vol. II): ‘The structure of the Elk Hills is a smooth elongate 
dome”’ in which it is “obvious that accumulation of oil and gas is induced 
by anticlinal conditions.”” Roberts explains (Vol. II) that the Long Beach 
field (the greatest field in California in point of total production to date) 
is also definitely anticlinal (Fig. 1). The Salt Creek (Vol. II), Rock River 
(Vol. II), Grass Creek (Vol. IL), and Lance Creek (Vol. IT) fields of Wyo- 
ming and the Elk Basin field (4) of Wyoming-Montana are perfect anti- 
clines; and Harrison tells us that as many as nine sands are productive on 
the Grass Creek “dome” alone. The symposium also includes the Little 
Lost Soldier, Wertz, Mahoney, West Ferris, Middle Ferris, and Ferris 
“domes” of Wyoming (Vol. II)—the last mentioned five of which lie on a 
long anticlinal axis (Fig. 9). 

That oil and gas accumulation in northwestern Colorado is ‘“‘caused by 
anticlinal structure” is shown by Heaton (Vol. II) for the Iles, Moffat (or 
Hamilton), Thornburg, Rangely, White River, and Hiawatha “‘domes.”’ 
Yet, some structurally perfect “domes” in the same region are barren, 
owing to causes not fully established. Weirich (Vol. IT) reminds us that 
the Cushing field of Oklahoma (third among the fields of the United 
States in total production to date) derives its oil from as many as eight 
sands and that it coincides with a continuous anticline more than 20 
miles in length, domed at Dropright, Drumright, and Shamrock. The 
Fairport field of Kansas (Vol. I), according to Allen and Valerius (Fig. 4), 
and the Saginaw field of Michigan (Vol. I), according to Carlson (Fig. 1), 
lie on anticlines. 

In recent oil-field history the Yates field, the geology of which is 
elaborated by Gester and Hawley (Vol. ID), is an excellent example of 
anticlinal occurrence in ‘‘an elongate eccentric dome.” 

Some typically domal fields —No definite distinction can be made be- 
tween anticlines and domes, for these types of structure generally differ 
only in degree. Thus, some of the anticlinal examples previously noted 
have been termed by some geologists anticlines, although others have 
called them domes. Acknowledged examples of productive domes are the 
more numerous, however, for this type of structure is common on the 
west-dipping Mid-Continent homocline and in many parts of the world 
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within and without petroliferous provinces. The accumulation of oil on 
domes was originally discussed comprehensively in 1912 (21). 

Among the many typical domes that are productive in Oklahoma, the 
Garber field, described by Gish and Carr (Vol. I), is typically anticlinal 
(Figs. 3-5). The fields in the Turkey Mountain limestone (Vol. I) of that 
state are domal, according to Ruedemann and Redmon (Figs. 1-6). The 
Morrison field (Vol. I), described by Carpenter (Figs. 2-5) typifies numer- 
ous fields in the northern part of the state, and Burton describes (Vol. IJ) 
the Hewitt field (Fig. 2) as typifying some of those of southern Okla- 
homa. 

Among the Kansas fields described by Thomas (Vol. I) those of El- 
bing, Florence, Covert-Sellers, and Peabody (Fig. 2) are domal accumula- 
tions. The Coffeyville field, sketched by Foster (Vol. I), lies on a well- 
defined dome (Fig. 1), both with respect to the gas-producing Oswego 
limestone of Pennsylvanian age and the oil-bearing bed—the upper Or- 
dovician ‘‘Siliceous lime.’’ Beekly (Vol. II) shows us that the Virgil pool 
(Fig. 2) isa dome ‘“‘which makes a perfect trap for oil accumulation and is 
undoubtedly the governing factor in the concentration of oil.” 

Typical productive domes are not limited to one state, or two, for 
Nowels (62) shows (Figs. 1, 2) that the Rattlesnake and other fields of 
New Mexico are confined to domes. Those fields of Wyoming and Colo- 
rado which are not definite and acknowledged anticlines are generally 
recognized as coincident with domes of great magnitude. In a less produc- 
tive state, Lusk claims (Vol. I) that the Tinsley Bottom field of Tennessee 
is located on a well-defined dome. 

In the Permian basin of West Texas the Big Lake pool, described by 
Hennen (Vol. IJ), is closely coincident with defined domal structure in the 
Texon (discovery) and lower productive sands, and structural principles 
are further adhered to by the encircling of the pool by “edge water” in 
various sands. (Edge water is generally present in pools even where not 
mentioned.) It is significant that the deepest well in the world found its 
fourth oil zone, in which gas having rock pressure of about 3,000 pounds 
per square inch occurred with the oil, at a depth of 8,520 feet. Referring 
to the Petrolia field, Kendrick and McLaughlin (Vol. IJ) tell us that 
“there is probably not a more perfect example, in that part of the country, 
of geological structure being the cause of accumulation of oil and gas.” 

Anticlinal or domal plunging fields.—It need not be inferred that the 
perimeters of all of the previously named anticlinal and domal fields cor- 
respond with a definite closing contour or that the edge-water line sustains 
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exactly the same elevation throughout the perimeter. The essential gen- 
eralization is that the fields are anticlinal or domal. 

One step removed from fields that conform almost exactly with a 
definite bounding contour drawn on a producing sand, or fields that de- 
part from the ideal condition in such slight degree as to excite no comment, 
are those where the structure is an ideal one but the productive area 
plunges in one or two directions. For instance in the Lance Creek field of 
Wyoming, Emery describes (Vol. IT) a structural closure of 600 feet where 
the “position of gas, oil, and water in the Dakota sands.... is in ac- 
cordance with the anticlinal theory of accumulation.” Yet, in this field 
(Fig. 1) “both the gas-oil line and the water table plunge toward the north- 
east, with the result that production of both gas and oil extends much 
farther down structure in this direction than it does elsewhere on the 
anticline.” In the Rock River field (Vol. II) the edge-water line plunges 
nearly goo feet from one end of the field to the other (Fig. 1). Most fields 
exhibit this tendency to a minor degree. In a large field in which intense 
artesian pressure combines with a high degree of friction owing to limited 
pore space we should not expect that the edge-water line will correspond 
with the same structure contour on all sides of the pool. 

Anticlinal occurrence influenced by porosity—Opposed to the un- 
questionably anticlinal and domal fields, already described, are those in 
which the accumulations, definitely related to favorable structure, are 
controlled by porosity of the sands. The subject of porosity is discussed 
in Article 11, but a few examples of its influence are given here for the sake 
of continuity of discussion. 

Edwards and Orynski’s paper (Vol. I) indicates that porosity con- 
stitutes an important accumulation factor in the Westbrook field of 
Texas, which is situated on a long, low, and irregular fold. Davis ex- 
plains (Vol. I) that the production of the Artesia field of New Mexico 
(Fig. 2), situated on the apex and southeast flank of a northeast-trending 
anticline—although “an orthodox case of anticlinal collection’”—is ac- 
companied by “a few anomalies that are prejudicial to this conception,” 
for the oil fills sand lenses that are irregularly distributed on the fold 
(Fig. 2). 

The Bradford field of Pennsylvania and New York, which is widely 
known on account of the success of artificial water-flooding, and in which 
eight sands are productive of oil or gas, is commonly supposed to be in- 
dependent of geologic structure. Nevertheless, a comprehensive paper by 
Newby, Torrey, Fettke, and Panyity (Vol. I) indicates, by means of the 
subsurface structure of the Bradford sand, “two asymmetrical anticlines 
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trending northeast and southwest, plunging southwest and converging on 
the northeast in a broad dome. The closure exceeds 150 feet.”’ Thus, an- 
ticlinal occurrence in the Bradford sand is conspicuous, although accumu- 
lations in other sands have been influenced to some extent by the lensing 
of several sands (Fig. 2) which coincide only in part with the structural 
“high,” 

Anticlinal occurrence influenced by hydrostatic conditions—The ques- 
tion has frequently been raised why certain domes of the Rocky Mountain 
region—apparently as good structurally as some others that are eminently 
productive—yield no oil or gas commercially but only large volumes of 
water. In the region surrounding the Big Horn Mountains, for instance, 
little fluid except water is found in the belt of domes first removed from 
the mountains; yet many oil fields are found in domes of the second line. 
The question has been answered in the past, and the possible explanation 
is repeated here in the words of Irwin (Vol. II) (describing the Sherard 
dome north of the Lost Soldier district): 


Seven wells, of which five tested the Frontier and two the Dakota sands, prove 
the absence of commercial oil and gas in these sands..... Immense flows of 
fresh artesian water from both the Frontier and Dakota sands indicate vigorous 
artesian circulation, consequently, unfavorable conditions for accumulation and 
retention of oil and gas. 


The conditions mentioned are typical in domes closely related to the 
mountains, but are not so common in those situated farther within the 
bounding geosynclines. There can be no doubt that the prolific production 
of some fields (of which Yates, Texas, may be an example) (Vol. II) is 
due to their great hydrostatic head; yet in more fields the gas held and 
compressed in the sand is the principal expulsive force, as shown originally 
by Beal and Lewis (7) and recently explained by Miller (55). 

Anticlinal occurrence variously influenced.—Several other influences 
control the position of oil and gas on favorable types of structure. The 
fields of Kay County, Oklahoma, though repeatedly in the past mapped 
as associated with the well-defined anticlines, furnish evidence that pro- 
duction is not coincident with the structural crests everywhere and in all 
sands. The abnormal features are explained by Clark and Daniels (Vol. I) 
as due to the following circumstances: 

t. In the Burbank sand of the Mervine field (Fig. 4) and in the 
“Mississippi lime sand” of the Ponca field (Figs. 5, 6), due to buried 
topography of a pre-Pennsylvanian hill of ‘Mississippi lime” over which 
the structure has been formed. 
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2. Ina part of the Tonkawa sand production of the Ponca field, “due 
to the irregular nature of the upper part of the sand body.” 

3. In the Neva limestone of the Blackwell and South Blackwell fields 
(Figs. 7, 10), probably due to differences in porosity in the limestone that 
forms the reservoir rock. 

As an example of the general adherence of the fields of Osage County, 
Oklahoma, to structural principles, influenced by various factors, is the 
pool (Vol. II) on the Cold Spring anticline of T. 25 N., R. 8 E. In this 
field a slight agreement exists between surface structure and the sub- 
surface structure of the three productive sands; but such similarities do 
not exist in all Osage fields. 

As an illustration of a still different type of accumulation control, 
Collom indicates (Vol. II) that the Lompoc, Santa Maria, Casmalia, and 
Cat Canyon fields (Fig. 1) of Santa Barbara County, California, are “in 
cross-faulted anticlines,” despite the rather peculiar relations and char- 
acter of the diatomaceous Monterey shale. 

Anticlinal occurrences in miniature-—Miniatures of domal structure— 
pimples on a great homoclinal dip—seem to be responsible for the Tri- 
County field of southwest Indiana (Vol. I), where the productive struc- 
tures range in area from a few acres to 160 acres or more. Esarey thinks 
lenslike sand bodies may be responsible for the arching of the overlying 
rocks in those fields. With respect to the Francisco pool, covering less 
than a square mile of area, Moulton shows (Vol. II) that the accumulation 
of oil “is governed by structural conditions in accordance with the anti- 
clinal theory.” In the Sumner County fields of Tennessee local flexures 
covering a square mile or two, superposed on the northeast flank of the 
regional Nashville dome (Vol. I) “have determined the location of the 
oil.” Similar minor pools are common in Ohio and elsewhere. 

Relation of the origin of domes to productivity —At this stage of the 
discussion we may inquire what must be the origin of domes inside a petro- 
liferous province in order to assure production. Many articles, enumer- 
ated by Stephenson (Vol. IT) favor conflicting theories of domal origin 
as regards the northeast Mid-Continent oil and gas region. Some produc- 
tive Oklahoma domes have evidently been formed by lateral pressure. 
Others have originated through “differential settling” of sediments over 
ancient land masses, as proved by Blackwelder (9) and Thomas (Vol. J), 
long buried mountain ridges in Kansas and Oklahoma (Art. 10). This 
theory of “gravitational compaction on the structure of sedimentary 
rocks” has been emphasized by Hedberg (38), Bridge and Dake (11). The 
theory has been studied by Nevin and Sherrill (59), who conclude that “a 
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compaction fold has in it certain inherent characteristics which are sufh- 
ciently different from those of any other type of folding to make it recog- 
nizable.” Vertical movement may account for some domes, as is favored 
by Spooner (Vol. II) in the case of Homer and by Crider (Vol. IT) for the 
Pine Island deep production of Louisiana. Certain other domes have been 
formed by intrusion of salt masses, and still others may be due to igneous 
intrusions. 

Relation of subsurface structures to production.—In most of the early 
structure contour maps of public and private geological surveys the map- 
ping was done exclusively on the basis of surface observations. Data were 
not at hand for the preparation of subsurface maps, and the widespread 
discrepancies in attitudes of the various sand surfaces was not recognized. 
It is now customary to map the structure of every producing or possibly 
producing formation individually. 

Thus the relativity of subsurface structures must always be taken into 
account. Levorsen (Vol. II) shows that all pools of the ‘Greater Seminole 
district” of Seminole and Pottawatomie counties, Oklahoma, ‘“‘are produc- 
ing from anticlinal structures, many of which are reflected in the surface 
formations as minor folds, flattenings, and change of strike.” These fields, 
in the order of their production to January 1, 1929, are Seminole City, 
Earlsboro, Bowlegs, Little River, St. Louis, Searight, Pearson Switch, 
Mission, and Maud. The Seminole accumulations (69), on a broad re- 
gional saddle between the Ozark and Ouachita uplifts, are due to doming 
(Fig. 4); but the entire Seminole “uplift,” both regional and local, is a 
subsurface manifestation quite contradictory to the surface structure. 
Langworthy tells us that oil in the Cromwell sand of the Cromwell pool 
(Vol. II) is distributed in fair conformity to subsurface mapping. The 
subsurface relationship is influenced by “the erratic condition of the sand 
body, which in at least two places grades laterally into limestone. .... 4 
Production would have conformed perfectly with the structural features 
had erratic sand conditions not been encountered. The Depew pool, re- 
viewed by Martin (Vol. ID), is an example of many small Oklahoma pools 
having similar subsurface domal relationships in more than one sand 
(Figs. 4, 5)- 

Again, in the Kevin-Sunburst field of Montana, Howell (Vol. IJ) 
writes (Fig. 3) that, although there is “no production on top” of the great 
subsurface dome, nevertheless “a study of the map indicates that local 
structure in areas of porosity has a decided effect on accumulation.” This 
writer acknowledges that “factors other than structure which have af- 
fected accumulation are amount of porosity and nature of contact zone, 
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as well as the unconformity itself and a variable condition of water satura- 
tion.” The effect of unconformities on the discordance between surface 
and subsurface structure is explained in Article ro. 

Even in Wilbarger County, Texas (Vol. I), where little relationship is 
evident between surface structure and oil occurrence, subsurface mapping 
by Fuqua and Thompson (Fig. 3) indicates that the production from 
Pennsylvanian sand lenses in the Landreth, South Vernon, and smaller 
pools coincides closely with subsurface domes. Relative to subsurface con- 
ditions in the adjoining Stephens County fields, however, Esgen declares 
(Vol. II) that 
the accepted theories of accumulation of gas, oil, and water on structure have 
been fully verified by development . . . . although sand conditions modify the 
theoretical structural location of accumulation in the Strawn, and the character- 
istics of the Bend limestone influence to some extent accumulation in the Bend. 


Esgen points out that the greatest oil accumulation on the Bend arch— 
Breckenridge field—lies on “‘a subsurface structure with almost 200 feet 
of closure, which covers an area of approximately 25 square miles” and 
that the greatest gas well in the history of that county was found on the 
highest part of the structure. Other pools on the Bend arch (as Ivan, Cur- 
ty, North Caddo, and Hart), although not strictly anticlinal, are related 
to plunging subsurface anticlines. In the adjoining Eastland County fields 
(“Ranger fields’) (Fig. 1) little anticlinal relationship is apparent, al- 
though the Desdemona pool lay on a definite “high.” The widespread 
accumulations on the great Bend arch should be borne in mind in con- 
nection with Article ra. 

Among foreign fields the oil accumulation at Comodoro Rivadavia (97) 
in Argentine shows an almost perfect coincidence with anticlinal “highs,” 
even though the structure is not apparent at the surface; and, in the ab- 
sence of geophysical mapping at the date of discovery, the oil could not 
have been discovered in advance of drilling. 

Réle of salt domes.—Lest any reader apprehend that an important 
class of producing structures, so common on the Gulf coast and in Utah, 
was omitted from adequate attention by this symposium, the writer 
points to the article by Carlton (Vol. IL) on the West Columbia dome of 
Texas as being representative of salt domes as a whole. Doming is pro- 
duced by upward-moving salt masses at the intersection of faults or planes 
of weakness. Although salt domes are essentially domal, the structural 
relationship on any particular dome is largely controlled by porosity, 
“trapping” incidental to salt contacts, and other strictly local features, to 
such an extent that ordinarily only one quadrant of a domal area is pro- 
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ductive. “Oil accumulation on salt domes is either in supercap sands, cap 
rock, or lateral sands,” all of which are structural in their attitude; and 
Spindletop is an example of a field with all three types of production. The 
West Columbia field, however, produces from lateral sands. exclusively 
(Figs. 5-8). 

Cautions relative to salt domes.—The fact that salt domes are commonly 
found in regions having no appreciable topographic expression has nothing 
to do with the generalizations concerning them. Moreover, nobody should 
suppose that all structures which contain salt are “salt domes.”’ Many 
wells in West Texas, Kansas, and Ohio pass through salt beds, yet the 
doming is not of the “salt dome” type. In Egypt, salt in the form of more 
or less continuous beds has been found to underlie large areas and not to 
be limited mainly to domes as in the case of true “salt domes.” 

A serious mistake would be made in supposing that all producing 
structures in a salt-dome country or state are ‘“‘salt domes.”’ This is evi- 
dent in Louisiana and Texas. Again, just as the Caddo fields of northern 
Louisiana are quite different in structure and origin from the salt-dome 
fields of the Gulf Coastal Plain, so in Persia a distinction should be recog- 
nized between the anticlinal fields of the west and southwest (Art. 14) on 
the one hand (in which highly folded salt beds are actually present) and 
the “salt domes” of the extreme south of the Persian Gulf region (not yet 
proved commercially productive). Even at Gemsah, Egypt, referred to 
by some geologists as a characteristic salt-dome field, the salt, gypsum, 
and anhydrite were seen by the writer to have been mildly compressed 
into structures similar to the “flow zones” of western Persia rather than 
to have been the primary cause of doming. The other Egyptian struc- 
tures seen by the writer evince no similarity to salt domes, but carry beds 
of salt which are comparatively little disturbed. 

Pertinence of geophysical methods.:—The use of geophysical methods in 
locating salt domes is now well known and has attained a higher degree of 
success than with any other type of structure. Lest any skepticism re- 
main on this subject the writer calls attention to the discovery in the Gulf 
Coastal Plain of the United States during the last six years of more domes, 
through the use of seismographs, torsion balances, and other geophysical 
devices, than were known in the same petroliferous province during the 
entire period previous to the advent of geophysics. In the year 1928 as 
many as thirty-three new salt domes were discovered by these methods 
in the Gulf Coastal Plain (96). 

Structural accumulation important despite so-called “exceptions.” —In- 
asmuch, therefore, as structures are of many types and are subject to 
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many modifying influences, the structural distribution of oil has no such 
limitation as might be inferred from a study of anticlines alone. The at- 
titude of the sands in structures that are not strictly anticlinal, as well as 
in anticlines that are unconformable beneath various types of surface 
structures, furnishes evidence of a close relationship between accumula- 
tion and structure in accordance with the principles of the “‘structural 
theory,’ as modified from the “‘anticlinal theory” originally postulated 
by Hunt (45) and definitely formulated by White (91). 

Summary.—The discussion of the réle played by anticlines and domes 
may be summarized by the statement that drilling on suitable structure 
in some petroliferous provinces has resulted unsuccessfully owing to (a) 
absence of porous containers, (b) absence of suitable cover, (c) existence 
of unfavorable hydrostatic conditions, (d) absence of source rocks, (e) 
subsurface departure from anticlinal or domal structure. The appar- 
ent “exceptions” to structural occurrence do not deter us from proceeding 
to test other domes or anticlines having unknown or possibly more favor- 
able subsurface conditions, for we recognize the validity of structural 
principles which must be followed in making logical locations in the light 
of the lessons that have been and are continually being learned. 


We ROLE OF TERRACES AND NOSES 


Definition of terraces.—In this paper the term “terrace” is uniformly 
used in the sense of structural terrace. So far as known, the terrace type of 
structure was first named in 1866 by Edward Orton (63), who, soon after, 
further described terraces as “‘arrested anticlines” (64). Orton mentioned 
the Macksburg field and certain localities in the Findlay field of Ohio as 
examples.t The use of the term “terrace”? was concurred in at that time 
by Newhall. 

Some oil fields on terraces—Productive terrace structures are now 
widely known in Ohio, Kansas, and West Virginia; they have even been 
described as existing in Oklahoma, and Wyoming has some semi-commer- 
cial terrace production. Many examples of the relationship of oil to ter- 
races, mapped on the basis of surface structure, were described by Gris- 
wold and Munn (36) more than twenty years ago, but without recording 
the details of variable sand porosity. The Bone Camp field of Tennessee 
is said by Lusk (Vol. I) to be situated on a terrace. According to Esarey 
(Vol. I) some of the southwest Indiana production lies on terraces. 

*On the basis of a paper by Howard, referred to herein, it now seems that the 


Trenton limestone “terraces” described by Orton may be phenomena of erosional un- 
conformities rather than original structural features (Art. ro). 


STRUCTURE IN ACCUMULATION OF PETROLEUM 685 


Schneider has shown (Vol. I) that the Urania oil of Louisiana, although 
found in a sand lens of which the position is defined by a “disconformable 
contact” is nevertheless situated on a slightly domed terrace (Fig. 5) on 
a monoclinal dip. 

Thus, productive terraces are real features and are not rare. Although 
ordinarily thought of as limited to the United States, they will doubt- 
less be found, like other types of productive structures, to be produc- 
tive also in foreign countries. 

Attitude of terraces.—In the structural classification of the writer ter- 
races were made a sub-class of homoclinal structure (formerly known as 
“monoclinal’’). If, however, we imagine a terrace to be tilted or to have 
been tilted during or after accumulation of oil in such a way that its 
nose points upward and forward, allowing its flat upper surface to slope 
backward, we have an anticline or a dome. This thought, and especially 
the tectonic history, may be worth bearing in mind when trying to explain 
various inter-relationships of the oil, gas, and water found on terraces. 
Accurately mapped examples should be carefully studied to determine 
whether or not any definite principle exists for predicting the position of 
oil on any terrace that has been discovered. 

Limitation of terrace productivity—Although a fair proportion of so- 
called terrace accumulations may be due largely to the presence of sand 
lenses (Art. 11), yet structure appears to control accumulation to a cer- 
tain degree and is therefore entitled to consideration. Judged by the many 
terraces in Ohio, both in surface strata and in subsurface sands (generally 
water-free in that state) and by the production of oil from a terrace in 
the Fort Payne limestone of Tennessee (Vol. I), terraces seem to be 
productive mainly from limestones and from water-free sands, but this 
hypothesis does not apply universally. 

Definition of noses.—The writer has found no definition of “noses” 
as applied to a type of structure, but a definition may exist. At any rate, 
the term explains itself. So far as is known, attention was first called to 
this type of structure in 1911 (18), and in 1917 the term “monoclinal 
noses” was used (22), but noses may also lie on homoclines or anticlines. 
Bonine (9) recognized noses in central Ohio as favorable gas structures. 
The Stephens field of Arkansas (Vol. II) may be recognized as a typical 
example, mapped by Spooner for the Nacatoch sand (Figs. 3-5). Ex- 
amples could be duplicated in Ohio, Kansas, Oklahoma, and Wyoming. 
Although some subsurface noses are actually productive, many surface 
noses are underlain at depth by anticlines or closed domes (Art. to), so 
that the number of de-facto noses may be comparatively limited. 
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Homoclinal “ravines” (“monoclinal ravines’’ or “structural ravines”’).— 
The term “ravine” was first applied to a producing type of structure, so 
far as known, in 1g11 (20). Structural ‘‘ravines” have exactly the same 
relation to an inclined sand surface that a topographic (surficial) ravine 
forms in a sloping hillside. At that time certain oil pools in the Clinton 
sand of Ohio were shown to be controlled by the existence of “‘ravines.”’ 
As that sand is practically a water-free sand, the oil seems to have settled 
into these “ravines” or on the accompanying terraces in a way similar to 
the accumulation of synclinal oil (Art. 13) in West Virginia. 

Competence of terraces and noses to trap oil.—Regardless of any fancied 
resemblance to anticlines or domes, terraces and noses appear competent 
to trap oil in either (a) water-free or (6) water-saturated sands, and thus 
they may result in productivity in sands of either group. The common 
occurrence of oil on terraces in regions of water-free sands may be 
(a) accidental, (0) due to porosity changes, (c) due to the fact that 
terraces form a more perfect obstruction to oil descending the dip (as it 
does in water-free sands) than to oil ascending; or, in saturated sands, 
(d) oil may be pushed upward and out of a terrace by water which exists 
in the sand under pressure. Evidently the chief function of a terrace is to 
act as a trap to upward- or downward-moving oil; and terraces, while 
often oil-bearing, are subject to all the non-structural influences which 
modify accumulation on domes and anticlines (Art. 6). 


8. ROLE OF FAULTS 


Early conception of faults.—The réle of faults, although still perhaps 
imperfectly known, was sadly misunderstood for half a century after the 
discovery of oil in the United States; and operators, believing faults to be 
dangerous phenomena, tried to avoid them. The popular superstition 
against faults was so strong that for years it permeated the geological 
fraternity, and many government and private reports recommended the 
avoidance of faulted structures. The absurdity, as we now understand it 
to be, was commonly expressed in the once-familiar words: “The country 
appears too much broken up.” 

Some examples of important faulting —Although the precise réle of 
faults has never been systematically defined, much has been written that 
touches on the subject. One thing is certain: that is, that we need not 
try to avoid them. In some places the existence of faults has actually been 
found favorable to oil accumulation. For instance, the Salt Creek—Teapot 
Dome field (Vol. I) of Wyoming and the Elk Basin field of that state and 
Montana (Vol. II) are traversed by innumerable faults, some of which 
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have hundreds of feet of vertical displacement, and some exceptionally 
productive wells are developed close by. The faults of Elk Basin field, the 
relative ages of the three distinct systems, their vertical persistence, rela- 
tion to periods of folding, their origin, and relation to oil accumulations 
have been studied by Estabrook (30), Irwin (Vol. II), Washburne (87), 
and Bartram (Vol. Il). The faults of the Salt Creek field have been dis- 
cussed by Irwin, Estabrook, Wegemann (89), and Lewis (49), in addition 
to the present writer (23). Many of the Wyoming fields are notable for 
faulting; yet, strange to say, the Rock River (Vol. II) and Lance Creek 
(Vol. II) fields evince no faulting. The Turner Valley field of Alberta, 
Canada, is on a complex anticline cut by overthrust faults. 

Some California and Colorado examples.—Proceeding to northwest 
Colorado, we learn that some faults on the Iles dome (Vol. IT) have as 
much as 1,100 feet of throw; the largest one results in separating the struc- 
ture from the rising structure to the south (Fig. 2); yet the conditions are 
not typical of other domes in that region, which evince little faulting. 
According to English (Vol. I), (25), faults may be considered responsible 
for the accumulation of oil at McKittrick, California; and Collum shows 
(Vol. II) that, in the fields of Santa Barbara County, the “movement and 
location of the oil’? were influenced by cross-faulting. The Long Beach 
field (Vol. IL) is shown by Roberts (Fig. 1) to be controlled on one side by 
a fault and fracture zone. 

Normal faulting has been an important factor in controlling accumula- 
tion in the homoclinal sand-lens oil fields on the east side of the San Joa- 
quin Valley, as in the Mount Poso (95), Kern River and Kern Front oil 
fields (33). In the latter (39) 
the oil was probably trapped by an overlapping condition and faulting which 
brought impervious shales and sands in contact under the proper conditions of 
oil accumulation. The areal extent of the field has probably been determined 
on the east by faulting, on the north and northwest by shore-line conditions 
which were not favorable to oil accumulation, and on the south and southwest 
by edgewater conditions. 


Some Texas examples.—The fault systems bounding the Mexia belt 
(Vol. I) of central Texas are well known, and the Luling field (Vol. I) is 
bounded by a fault. McFarland states that, in the Laredo district (Vol. 
I), accumulation of oil and gas is found (a) against a fault which cuts a 
transverse fold and (b) where there is “a change of direction of the fault. 
In each condition, closure against the fault affords a suitable reservoir.” 
In the Carolina-Texas field of Webb County (Fig. 2) accumulation is due 
to a faulted dome or nose extending throughout several square miles. A 
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similar explanation may prevail in the Henne-Winch-Farris field of Jim 
Hogg and Zapata counties (Fig. 6) and in the Randado field of Jim Hogg 
County (Fig. 7). 

Some other examples.—In other states also faults are found in the oil 
fields. The Blackwell field (30) of Oklahoma is bounded by a fault (Figs. 
8, 9) in the Mississippian and deeper series of strata. The “Wilcox” sand 
production of Tonkawa is trapped by an anticline, cut off by a fault. The 
subsurface structure of the Hewitt field (Vol. II) shows faults of several 
hundred feet displacement which were a factor in oil trapping. Faults are 
conspicuous in the Crinerville field (68). Among foreign fields, faults up 
to 160 feet in throw are found in the Panuco field (3) of Mexico; and, in 
the fields of northwest Peru (46) faults range from mere fractures to 
breaks of 5,000 feet vertical and 2 or 3 miles horizontal displacement. 
The Glenmary field of Tennessee is, according to Lusk (Vol. I), ‘‘a low 
faulted anticline.” 

Examples of increased production near faults —As already stated, cer- 
tain Wyoming fields have occasionally been shown by geological literature 
to have greater production near faults than elsewhere. This is notably 
true in the Salt Creek field. In a summary of conditions prevalent in the 
Lost Soldier district, Irwin (47) explains: 

The productivity of the structures, other factors being equal, is in close rela- 
tion to the extent to which they are fractured and faulted... .. The more numer- 
ous and open the faults, the greater the tendency towards an oil pool or to bar- 
renness through more or less complete leakage. The fewer and tighter the faults, 
the greater the tendency toward a gas pool or to barrenness through lack of 
migration and accumulation. 


Tendency of faults toward radiation—Faults may be of several types 
(strike and dip faults, longitudinal and transverse or cross faults, diagonal 
and radiating faults, normal and reversed or thrust faults, etc.). In the 
Homer, Louisiana, field (Vol. II) (Fig. 6), in the Wyoming fields, and in 
the Topila (or Paciencia-y-Aguacate) dome of Mexico (3) faults tend to 
radiate from the center of disturbance. This tendency is true to a less ex- 
tent in the Elk Basin field of Wyoming-Montana (Vol. II). Such features 
may be due to torsion, for Stephenson (Vol. IL) believes that most of the 
folds of Osage County, Oklahoma, are “the result of rotational stress, 
probably transmitted through the basement complex” and that the forces, 
“acted several times during geologic history on the same lines of weak- 
ness.” 

En échelon relations and origin.—The en échelon faults of Osage County 
(Vol. IT) and elsewhere in north central Oklahoma may be due to torsion, 
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likewise, as is believed by Sherrill (79, 50). Lahee (Vol. I) suggests an 
en échelon or offsetting arrangement for the shallow-sand gas fields at 
Mexia and Groesbeck, Texas, and he postulates that arrangement for the 
fault belt as a whole. A similar arrangement of structures is exemplified 
by the position of the Nigger Creek field (Vol. I) to the west of and op- 
posite the saddle between the Mexia and Groesbeck fields. Considering 
the question of origin, Lahee suggests that the Mexia and Tehuacana 
fault systems “were produced by torsional forces involved in the settling 
of the East Texas geosyncline.”” Charles and Page believe (18) that slight 
regional torsion movements in the rocks have produced joints. 

Some examples of block-faulting—Fault blocks have been little de- 
scribed in oil-field literature, but they exist in northwest Peru (46), in 
the unproved seepage areas of New Zealand (24), and in New Guinea. 
Even in Alsace, where oil occurrence is not commonly understood to be 
associated with structure, the most important accumulations seem to be 
on the upthrown sides of horsts tilted by faulting (34). 

In the symposium, the Irma field of Arkansas is described by Teas 
(Vol. I) as a “‘faulted monocline lying against the south side of a graben”’ 
in which “‘the highest point of the structure lies along the fault, so that the 
fault is responsible for much of the closure.” The displacement there is 
325-470 feet, oil being found on the upthrown side. The Stephens field 
(Vol. ID is also closed by a graben (Figs. 3-5), but the fault, in common 
with nose structures in the same field, may or may not constitute the 
principal factor in the accumulation. 

In the matter of dip, oil-field faults range from vertical, approximating 
the rule, to as low as 50° in an important fault of 500 feet of throw in the 
Homer field (Vol. II). Some faults may be horizontal (Art. 9). 

Faults that are limited to strata at or near the surface-—Judging from 
Langworthy’s studies (Vol. II) it is evident that some surface faults of the 
en échelon systems of north-central Oklahoma (Fig. 2) “do not carry down” 
through the producing sands. Levorsen (Vol. II) attests the same circum- 
stance in the fields of Seminole County (Figs. 10, 11, 13, 14). The Depew 
pool (Vol. II) is overlain by similar surface en échelon faults (Fig. 2) which 
are not evident at depth (Figs. 3-5). 

Faults that are limited to subsurface strata.—From what has been 
written concerning subsurface structures (Art. 6) it will be understood 
that very many faults do not reach the surface. Some of these faults grade 
upward into folds; others have presumably been formed previous to 
deposition of the overlying beds. 

Examples are numerous. The displacement of the Woodbine (pro- 
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ducing) sand in the Nigger Creek field ranges from 500 to 550 feet, as 
opposed to surface faulting of only 260 feet. In the Cromwell sand of the 
Cromwell field of Oklahoma (Vol. II) a fault exists of 214 feet displace- 
ment (Fig. 3) which is not represented at the surface (Fig. 2); but, on the 
contrary, a quite different set of em échelon faults appears in surface map- 
ping throughout several square miles of area. 

The Luling field of Texas is mentioned by Brucks (Vol. 1) as a sub- 
surface structure in which “the major structural feature that controls the 
accumulation of petroleum .... is a system of N. 35° E.-trending, con- 
nected faults having the down-thrown side on the northwest.’’ This field 
—v7 miles long and 4 mile wide—might be considered a faulted homocline, 
for only at the south end is anticlinal structure apparent aside from that 
caused by fault closure. 

Fault zones——The geologic structure of the Mexia fault zone, eluci- 
dated by Lahee (Vol. I), had previously been described by Fohs, Robin- 
son, Pratt, Hopkins, Hill, Sutton, and Pepperberg. The best known map 
of the Mexia field is that of Pratt (Lahee’s Fig. 15), and the map of the 
Powell field (Lahee’s Fig. 23) is credited by him to Hill and Sutton. All 
the fields of the Mexia zone have structural relations similar to those por- 
trayed. 

A long narrow graben, formed by the Mexia and Tehuacana zones of 
faulting, is repeated at intervals nearer to the Gulf of Mexico throughout 
seven or more counties. The Mexia, Groesbeck, South Groesbeck, Powell, 
North Currie, Richland, and Wortham fields were developed under re- 
gionally favorable conditions in the Mexia zone and the Nigger Creek and 
Cedar Creek fields were similarly developed in the Tehuacana zone. In 
the Nigger Creek field ‘‘the fault is not a single plane, but consists of a 
faulted zone which ranges from a few feet to 200 feet in width.”’ Pepper- 
berg states that “its closure in the subsurface structure at the top of the 
pay zone along the fault is due to drag,” and the same opinion is expressed 
by Lahee for part of the Mexia zone. The last-mentioned zone ‘“‘is a series 
of overlapping faults, all trending in a direction a little oblique to the 
trend of the zone as a whole” and all having ‘‘a downthrow to the west.” 

Relation of faulting to migration.—A matter that has occasioned much 
controversy is the question of migration. Although Lahee presents strong 
evidence against upward migration along faults in the Mexia region, 
Spooner (Vol. IT) believes that the “erratic distribution of oil in the Oakes 
sand” of the Homer field is due to upward migration along a fault plane, 
and ‘Teas (Vol. IT) makes a similar suggestion with regard to Bellevue. 
There seems little evidence that faults are necessary to the migration of 
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oil from deep-lying formations into the sands where it is now found, for 
in West Virginia and Pennsylvania numerous sands are productive, one 
above another, in regions of no faulting. 

However, Mills (56) has shown that “under favorable conditions, 
especially in firm consolidated strata, faulting that has yielded open 
fissures has been an important factor in the migration and accumulation 
of oil and gas” and that ‘‘the migration of oil and gas through fissures has 
been upward..... ” In some places faults have obviously permitted the 
ascent of oil from deep-lying sources, for seepages emerge from faults in 
Mexico, Persia, Wyoming, and elsewhere. Hennen (Vol. II) presents evi- 
dence of upward migration along a fault in the Big Lake pool of Texas. 
Irwin (47) considers it ‘reasonable to conclude that the openness of the 
fault planes at Little Lost Soldier” (Wyoming) “permitted the free migra- 
tion of oil and gas from a lower source to the Frontier sands,” and he 
gives evidence therefor. 

Modification of former structural relations by faulting.—Another matter 
to bear in mind is that the once existing structural relationships may have 
been transformed through faulting since accumulation of the oil. Accord- 
ing to an unpublished letter, O. B. Hopkins believes that at Negritos, 
Peru, “the oil was accumulated under hydrostatic head,” but that later 
the structure was much faulted with the result that both water and oil 
were trapped where they had accumulated. “Oil is found in down-faulted 
as well as up-faulted blocks and the contained water is stagnant in the 
blocks where found.” Another example is Pechelbronn, Alsace, where in 
the mine galleries concentration of the oil in gently dipping oil sands is 
found against faults with displacements of only a few inches. 

Relation of faulting to anticlinal accumulation.—Ii, now, we analyze 
the examples of faulting that have been recorded, we find either that (a) 
the faults have modified the otherwise favorable structure without vitiat- 
ing its structural functions as an oil trap or (b) the faults themselves have 
produced anticlinal conditions in certain sands, thereby causing oil to be 
trapped. Thus, faults must be recognized as a definite factor in the struc- 
tural criterion of oil accumulation. 


9. ROLE OF OVERTHRUSTS AND OVERTURNED FOLDS 


The most classic example of oil associated with great overthrusts, or 
““charriages” as they are called in Europe, comes from the Boryslaw field of 
Poland (81),where oil is found (a) on or near the crest of an overturned anti- 
cline, (b) associated with minor surface anticlines, and (c) directly under- 
neath a great horizontal fault plane. A foreign field in which the writer 
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has seen overthrusts that may constitute an important factor in accumu- 
lation is western Persia and ‘Iraq. These overthrust faults, shown by 
Nicolesco (61) (Fig. 35) after Richardson (78), may not extend to any 
great depth, and may be closely related to intra-formational movement in 
the surface strata (Art. 14). 

The present writer fails to find any fundamental difference between 
an overthrust fault and an overturned fold, except that the first named 
has ruptured the strata instead of folding them; and it is obvious that 
folding and rupturing may exist together. The relation of oil fields to 
overthrust faulting is given little attention in the symposium, for the 
probable reason that American fields are seldom complicated by over- 
thrusts. The best known example in the country may be at McKittrick, 
California (Vol. I). Oil in commercial quantity has not been found in con- 
nection with the Pulaski fault (17, 15) (a great horizontal overthrust) of 
southwest Virginia or with any other overthrust in the United States out- 
side of California. Knowledge of structural conditions that underlie the 
overthrusts of the Canadian foothills is as yet imperfect, for the under- 
lying anticlines appear to be quite distinct from those which have folded 
the beds overlying the fault plane. The study of overturned folds and 
overthrusts opens a wide field for investigation in world-geology as related 
to oil occurrence. 


IO. ROLE OF UNCONFORMITIES AND RELATED FEATURES 


Definition.—Unconformities are now known to be an important factor 
in the structure and accumulation of oil fields. We are not here concerned 
with innumerable irrelevant unconformities and disconformities that do 
not intercept any productive formation, do not cause appreciable angular 
divergence between the oil sands and overlying beds, and do not represent 
“buried hills” or old shore lines. The unconformities that are given con- 
sideration are those that in some way affect the position of the oil ac- 
cumulations, that is, unconformities that may function as “traps” or may 
cause conditions leading to trapping, assuming that oil and gas exist 
in the rocks and that the other fundamental conditions are satisfied. 

A few examples.—The importance of careful study of all unconform- 
ities is illustrated by Fletcher’s paper (Vol. II) on the Caddo field of 
Louisiana, in which paper grave doubts are expressed concerning certain 
early correlations. Misunderstandings of conditions also existed in Okla- 
homa and Kansas before the days of subsurface studies of unconformities. 
It appears suggestive that the principal producing “sand” in the Kevin- 
Sunburst field of Montana (Vol. II) lies directly below the unconformable 
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erosion contact of the Madison limestone of Mississippian age and is the 
porous, eroded surface of that limestone, itself. According to Schneider 
(Vol. I) the Urania field (Fig. 3) lies on an irregular anticline 6 miles long 
and 2 miles wide, having 50 feet of closure, superposed on a terrace hav- 
ing an area of 24 square miles that underlies the Angelina-Caldwell surface 
flexure of Louisiana. In this case oil exists in a disconformable contact 
between the productive sand and the overlying formation. All of the 
“Wilcox” sand fields of Oklahoma have unconformities in the section. 
In addition to the American examples, unconformities have long been 
known in certain foreign fields; for example, the Maikop field of Russia (83). 

Development of limestone porosity by erosion.—The most important 
type of oil reservoir in limestone is, according to Howard (43), one in 
which porosity has been developed by erosion previous to deposition of 
the beds which now overlie the reservoir. This type “probably involves 
fully 95 per cent of the total production from limestone.”’ Murray (58) has 
explained that “almost: every limestone field in Ohio, Indiana, Michigan, 
Kentucky, Ontario, and Illinois obtains its production from a reservoir 
which lies within 100 feet of an unconformity.” 

It is interesting to notice that the great fields of Persia and ’Iraq lie 
in the upper part of the Asmari limestone, mainly of Oligocene age, 
separated from the overlying beds by unconformity (6r). 

The same principle is acknowledged by Moulton (Vol. II) who, in re- 
ferring to the Martinsville pool of Illinois, tells us that the “accumulation 
of oil in the Mississippian limestone was determined largely by the pres- 
ence of elevations in the erosional surface on which the Pennsylvanian was 
deposited;” and he finds that ‘“‘weathering processes in pre-Pennsylvanian 
time” have developed porosity that determines the rate and amount of 
production. 

Role of “buried hills.”’—Within the last few years geologists have found 
that many of the best known oil fields in the Mid-Continent and some oil 
fields elsewhere overlie or adjoin prominent subsurface erosional ridges. 
The buried Nemaha Mountain range (“Granite Ridge’’), parts of which 
have been often described, beginning east of Lincoln, Nebraska, extends 
south across Kansas, beyond Oklahoma City, and constitutes the best- 
known example of “buried hill” in the United States. This ridge controls 
oil accumulations in the El Dorado, Augusta, Oxford, Garber, Oklahoma 
City, and other pools (Vol. I) through trapping that is directly associated 
with the unconformity or on domes along lines parallel with it. Detail 
maps by Reeves (Vol. IT) show that at El Dorado, the largest field in 
Kansas, the surface and Ordovician structures (Figs. 4, 5) coincide with a 
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complex of domes overlying the Nemaha Mountains. Another example is 
the buried Amarillo Mountains with superposed oil and gas fields (6, 66). 

The earliest recognized example of a “‘buried hill” comes from the 
Healdton field in Oklahoma, in which the conditions were discovered by 
Powers (66) some years previous to the general acceptance of subsurface 
ridges by geologists. Burton explains (Vol. II) that the Hewitt field in the 
same region overlies a ‘buried hill,’ which has been described (71) as 
lying on the north rim of a buried southeast extension of the Wichita 
Mountain system on which the Duncan, Healdton, and Hewitt fields have 
been developed. At Crinerville (68), where the ancient land mass is only 
partly buried, the Pennsylvanian accumulation lies near an ancient shore 
line which existed in all the sands. The Petrolia (Vol. II), Nocona, Elec- 
tra, and adjacent fields of northern Texas also overlie ‘“‘buried hills.” It 
has been suggested that the ‘“Tamasopo ridge” of Mexico and certain 
structures in the Maracaibo Basin and elsewhere in Venezuela may be of 
similar derivation. On the east side of Lake Maracaibo the prolific oil 
sands disappear up dip by lensing. 

Accumulation of oil may be in or above buried hills or at the uncon- 
formities within the section. Many buried hills have been rejuvenated 
several times or else have not subsided during sedimentation as rapidly as 
the surrounding areas. In the fields along the buried Nemaha Mountains 
and at Cushing oil and gas are found above and in the buried hills, but the 
best production is obtained from the top of the Ordovician hills or from 
sands resting at the unconformity. Healdton (4) production comes from a 
thick sand series which abuts small Ordovician limestone peaks covering 
only a few locations, but over most of the field the sands are separated 
from the limestone by shale. In the fields along the buried Amarillo Moun- 
tains, gas occurs in or above granite wash on top of buried granite hills, 
and oil occurs in this wash and also in porous limestones on the flanks of 
the hills which are characteristic of the plains type of folding as defined by 
Powers (71). 

Shortening of columnar sections over anticlines.—Aside from their réle 
as oil “traps,” unconformities are now considered by some geologists as 
having world-wide importance because a majority of anticlinal fields 
manifest shorter columnar sections than those in the synclines bounding 
either flank. For instance, the “Siliceous lime” is only about 350 feet 
thick over the crest of the El Dorado anticline (Vol. II) of Kansas, though 
normally 1,000 feet thick in the surrounding country. 

Shortening of columnar sections is not universally due to unconform- 
ities, for uplifting of a structure may have gone on simultaneously with 
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deposition. For example, this is quite apparent in a study of the domes 
in the saliferous basin of Transylvania. Nevertheless, where shorter sec- 
tions appear in drilling an anticlinal structure, an unconformity may be 
postulated. Upward tectonic movements which produced the dome or 
anticline may also (a) have resulted in producing an unconformity (if the 
action was sufficiently rapid), they may (b) merely have caused discon- 
formity, or (c) the strata may thin so imperceptibly in approaching the 
fold that either term may seem inapplicable. 

Many writers comment on this greater thickness of strata on the 
flanks and in the adjoining synclines than on the anticlinal folds them- 
selves. Thus, Snow and Dean (Vol. I), referring to the Rainbow Bend 
field of Kansas, declare: ‘On the south and east sides of the field the 
lime is 100 feet thicker than on the crests of the folds”; and, again, “A 
similar but not so pronounced difference is found in the Cherokee shale.”’ 
Thomas (Vol. I) demonstrates considerable shortening of the section over 
the Elbing and Burns domes, and states that ‘“‘the Cherokee shales appear 
never to have been deposited on the tops of these folds.”’ Sections across 
the Winkler and Yates county fields of Texas are said to give enormously 
greater thicknesses of strata in the basins east and west of the “white 
lime” anticlines (algal reefs, in part) than upon them, the greater part of 
the thickening being due to variations in the percentages of anhydrite and 
salt. This fact is not substantiated, however, in ‘‘salt domes,” in which 
the intruded, local salt deposits must be vastly thicker than in the sur- 
rounding areas where salt has not, in most places, been discovered by 
drilling. The importance of shortened sections over productive anticlines 
is only beginning to be appreciated. 

General remarks on structural discordances.—The discovery of dif- 
ferences in structure between surface beds and those existing at depth 
now occasions no surprise among geologists; but in the early days of oil 
geology it was generally believed that sediments at depth would be found 
parallel with those at the outcrop and that discordant dips would only be 
found to the extent that formations might die out or thin out laterally. 
We might now almost assert that the opposite is true and that entire 
agreement between surface and subsurface dips is known to be the excep- 
tion and not the rule. 

Adherence to structural principles regardless of unconformities—Un- 
conformities do not refute the structural theory. They merely act as im- 
portant controlling factors, as do faults. Unconformities in some places 
form a floor or margin on or against which the porous “reservoir” rocks 
have been deposited; and in other places the processes of erosion in the 
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production of unconformities actually cause the formation of reservoirs 
which are subsequently overlain by impervious beds. Unconformities 
cause angular divergence between surface and subsurface strata, thus 
embarrassing the field geologist; yet, when his works is completed, he finds 
that production adheres strictly to structural principles and the extent of 
the reservoir beds, modified by any local unconformable conditions that 
exist. 

Summary.—The general discordance in dip between surface and deep- 
seated structures has nothing to do with the truth of the structural theory; 
for, whatever the surface structure of a locality may be, it is the subsurface 
that must constitute the criterion as to a favorable spot for the accumula- 
tion of oil. In the United States we more often find that the discordance 
existing in direction or degree of dip or in the position of anticlinal crests 
throughout any vertical sequence is due to (a) thinning of intermediate 
beds laterally, (b) unconformities or overlaps, or (c) contemporaneous 
folding. 

The first-named type of discordance is exemplified by the thickening 
of the Ohio shales at an average rate of 40 feet per mile eastward across 
Ohio (20), revealing the deep-lying Clinton sand as quite different in 
structure from the Berea or shallow sand. The second type is illustrated 
by the well-known examples of overlaps on the west side of the San 
Joaquin Valley, California, as at Coalinga (1), and in the Sunset-Midway 
area (65). It is also illustrated by numerous examples of “buried hills” 
in the Mid-Continent fields that have been mentioned already. The third 
type of discordance, in which folding has gone on contemporaneously with 
sedimentation (Vol. II), is common in the Mid-Continent and Rocky 
Mountain fields of the United States. The best example known to the 
writer is in Transylvania. 


II. ROLE OF POROSITY AND LENTICULAR SANDS 


Conception of porosity in sands and sandstones.—As one condition that 
affects the position of oil on a favorable structure in the presence of other 
suitable fundamental conditions is porosity of the sand, too few records 
have been published in the past (a) of actual porosities from which meas- 
ured production was obtained and (6) of quantitative relations existing 
between production and porosity throughout any particular field. Geolo- 
gists have generally assumed the porosity of producing sands as being be- 
tween Io and 30 per cent. Esarey, however, finds (Vol. I) the porosity of 
the Moorestown sand in southwest Indiana to be only 5 per cent. Hart- 
nagel and Russell show (Vol. II) that representative porosities of six 
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samples from good producing wells in the New York fields range from 12 
to 17 per cent. Melcher’s investigations (54) reveal the ranges in porosity 
in typical fields as being from 7 to 19 per cent in Pennsylvania, 12 to 26 
per cent in Wyoming, 12 to 39 per cent in Oklahoma, 7 to 35 per cent in 
Texas, and 14 to 41 per cent in Louisiana. 

Conceptions of porosity in limestones.—Although in sands and sand- 
stones it may be obvious that the oil reservoirs consist of the aggregate 
pore spaces between the sand grains, the mode of oil occurrence in lime- 
stone “pores” is not so apparent (Art. 10) and oil may occur in reservoirs 
of many types. Two samples of oil-saturated limestone from Archer Coun- 
ty, Texas (Vol. I), were determined by Winn as having actual porosities 
of 13 and 16 per cent, respectively; yet limestone oil is not all found in 
pores between constituent particles. The theory that it is sometimes due 
to dolomitization is well known. As an indication of the multifold ways in 
which oil may exist in limestone, Howard’s classification (43) based upon 
the origin of “‘porosity”’ deserves recognition. 

As a corollary to Howard’s classification may be mentioned the sug- 
gestion of Gester and Hawley (Vol. II), who consider that the porosity 
(ranging from capillary conditions to those “‘assumed to be almost caver- 
nous’’) of the Permian limestone in the Yates pool of Texas resulted from 
“solution by acid waters.”’ This would be in accordance with the accepted 
explanation of the method of formation of present-day limestone caverns. 

Notable example of a pinching sand.—Since oil is ordinarily held in 
porous sandy beds, it evidently exists in places in lensing strata. Perhaps 
the most classic example of a great oil and gas field occupying the pinching 
belt of a producing formation comes from the Clinton sand of Ohio. Gas 
exists under wide areas in the up-dip (20) western feather edge of a great 
sand lens, whereas oil is found at places of structural interruption (terraces 
and “ravines’’) and suitable porosity somewhat down-dip from the general 
homoclinal structural slope east from the gas field. In the locality de- 
scribed by Bonine (ro) the accumulation of gas due to disappearing len- 
ticularity is merely modified by the existence of a local nose (Art. 7). For 
all practical purposes and discussion, the Clinton sand is considered as 
being water-free, although it contains some water in Vinton and Jackson 
counties (Vol. I). 

Accumulations due to local lenticularity in Ohio and Pennsyloamia.— 
With reference to the hundreds of low rolling folds and shallow basins in 
southeast Ohio, Lockett (Vol. I) tells us that “many of the structures have 
been proved to be the controlling factors of shallow sand accumulation, 
although as many more which looked as promising when mapped have 
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been dry.” The same writer finds, along the Ohio end of the Burning 
Springs anticline, that “accumulation is the result of the general anti- 
clinal structure, but is further controlled by sand conditions and by local 
structure which in any restricted area will be found to be a series of noses, 
terraces, and troughs, as a rule lacking any general trend.” 

The position of the oil accumulations is apparently due to lithology in 
the Cow Run sand of the Chester Hills field (Vol. I) of eastern Ohio, 
where Cottingham studied the structural conditions comprehensively 
enough to hazard the opinion that 65 per cent of the shallow sand produc- 
tion of Ohio has some structural basis. He does not, however, include the 
Clinton sand (the most important producing sand in Ohio aside from the 
Trenton limestone); and, since Clinton production (when considered in 
connection with its actual subsurface attitude and the lensing-out west- 
ward of the sand up-dip) is definitely structural (20), the percentage of 
Ohio production that has some structural basis must be considerably 
higher for the state as a whole than might be inferred from the studies of 
the shallow sands. Robinson (Vol. II) confirms the long accepted fact 
that the existence of local tight texture in sands of the Pennsylvania fields 
is ‘the cause of the dry holes drilled on otherwise favorable structure” and 
sometimes of “a very good well on one lot and a dry hole on the adjacent 
lots? 

Some Kentucky examples.—Proceeding south to eastern Kentucky we 
find that, in the Lee-Estill-Powell County field (Vol. I) oil is contained in 
“porous lenses of a magnesian limestone.” Fiske concludes that ‘while 
production is undoubtedly associated with major folding and faulting, its 
location is entirely controlled by the character of the pay horizon, produc- 
tion occurring where porous lenses are found in the limestone.”’ With ref- 
erence to the Campton field the conclusion is drawn that “the principal 
control of production in this field is the local character of the Corniferous 
limestone.” The same writer concludes that, with reference to the Owsley 
County field, 
although there is some doming and minor faulting, and a suggestion of a terrace 
at the gas field, there is no major fold . . . . and the folding does not account for 
the localization of production. Production here seems to be controlled entirely 
by favorable conditions of porosity in the reservoir rocks. 

Again, in the Clay County gas field, production 


seems to be associated with major folding .... localized by the character of 
the producing horizon. 


Some Texas examples.—Writing of the southwest Texas fields (already 
mentioned in Article 8) McFarland states (Vol. I) that “faulting and sand 
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lensing are the principal factors of the accumulation of oil and gas in this 
district’; and he adds that ‘“‘sand lensing is responsible for the accumula- 
tion in the Randado field and in the Cole sand of the Cole field. This sand 
lensing appears to represent an old shore line . . . .,”’ nevertheless, the “ac- 
cumulation is found along this line of lensing only where it crosses a 
broad transverse fold that has a northwest-southeast axis, thus affording 
closure against the lens.” In the Smith-Ellis field of Brown County, Storm 
declares (Vol. II) that structure ‘seems to have been only an indirect 
cause of the accumulation of oil.’”’ He finds that porosity, percentage of 
siliceous content and thickness of the sand, rather than structure, are the 
controls of the amount of oil produced. 

Some Oklahoma examples.—The structural theory of accumulation is 
not confirmed by Wilson’s (Vol. I) cross section (Fig. 2), which indicates 
that, in so far as the Bartlesville (or Glenn) sand of Glenn pool, Oklahoma, 
is concerned, a sand-lens, pinching toward the east, has much more to do 
with the concentration of oil in that field than have domes; and, further- 
more, other domes to the south and west of Glenn pool contain no oil. 
Sands describes (Vol. I) the Burbank field as much like the Glenn pool in 
its structural relations and porosity control. The Wilcox sand oil deposits 
in Glenn pool are, however, closely related to favorable subsurface struc- 
ture, as is characteristic of Wilcox pools elsewhere in the state. Still an- 
other example of lensing sand is found in the Crinerville field (68). The 
relations of sand lenses in the Henryetta district (73) have been elucidated 
by Reed (Figs. 1, 2) by representing graphically the variations in thick- 
ness of a certain sand. 

Some Kansas examples.—Lenticular production is also illustrated by 
Snow and Dean (Vol. I) in a description of the Rainbow Bend field of 
Kansas (Fig. 1). Production in a sand at the base of the Pennsylvanian 
series is said to be “controlled almost entirely by the character and extent 
of the sand body,” with only seeming relations to domal or anticlinal 
structure (Fig. 2). 

Other examples of lenticular oil accumulation.—Referring now to the 
Stephens County field of Arkansas, Spooner (Vol. II) tells us that the 
structural “high” “may have been the factor that determined the ac- 
cumulation” in the area, but that “the distribution of the oil” was de- 
termined “‘by the character of the reservoir sand, chiefly by its lenticular 
structure.” Differences in the degree of cementation and the proportion 
of argillaceous material in any sand are, of course, factors in the porosity. 
Even at Elk Hills, California (Vol. II)—an obviously anticlinal field— 
the sand conditions “influence the volume of production more than posi- 
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tion on structure.”’ In the Martinsville field (Vol. II) of Illinois the ‘‘dips 
in the Pennsylvanian are so gentle that it is difficult to determine whether 
the structure was as important a factor as sand conditions in causing oil 
accumulation.”’ Again, although some of the New‘ York oil is definitely 
synclinal, Hartnagel and Russell state (Vol. II) that, for the most part, 
the sand pinches out beyond the oil-producing limits ‘‘as in structures of 
the lens type” (Figs. 3, 4). It is evident that, although lenticular produc- 
tion is widespread in its distribution, it is generally related to structure. 

““Shoestrings.”’—Closely analogous to pinching or dying-out sands are 
lenses that take the form of “‘shoestrings,” “golden lanes,’’ etc. The best- 
known examples are found in Kansas, where they were first called to at- 
tention by Rich (75). They were later discussed by him in other papers 
(76, 77). The Madison “shoestring” has since been critically studied by 
Cheyney (Vol. II) with similar results, and some work on “shoestrings”’ 
has been done by Cadman (16). All these writers agree that the sand 
lenses described are independent of structural geology; and are of varied 
origin, such as shore-line deposits (including sand bars and delta bars) and 
. possibly valley fillings. 

Similarly, in Oklahoma, Lewis has shown (Vol. II) that the Delaware 
Extension pool (Fig. 1) evinces conditions similar to the “shoestring” 
pools of Kansas, but that the “occurrence of the sand strongly suggests a 
buried river channel, which possibly flowed from northwest to southeast 
into the main Nowata-Chelsea pool.’ Lewis likens the sand conditions 
also to the Chesterhill streak in the Cow Run sand of Ohio and West 
Virginia, and he states that “like the Chesterhill streak, the Delaware 
pool has channels of thick, loose sand winding throughout the pool, being 
first on one side and then on the other side of the sand body.” 

According to Thompson and Hubbard (Vol. I) the oil of Archer 
County, Texas, is found in sand bodies, something like “shoestrings,”’ 
“which have been deposited on the axes of relatively low structures.” 
The presence of sand on these high areas and its absence in the synclinal 
areas is thought by those writers to be due to the advancing of a shallow 
sea over a series of low folds partly represented by topography, causing 
material to be eroded from the low hills and redepositing the sand and 
heavier material in shallow water “while sand and silt would eventually 
sink in the deeper water.” 

Writers on “shoestrings” have shown (16) (Vol. II) that, where oil or 
gas exists in sand lenses having local changes in thickness, the structure 
contours determined for the lenticular sands may not always give the 
true deformation, but instead they show only the shape and extent of the 
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sand body. In cases of this sort the field geologist should consider whether 
to contour (a) the deformation or (0) the top of the sand. 

“Shoestrings” have seldom been reported from outside the United 
States; yet there is no reason why they may not exist widely. An example 
of a 15-mile long and spotted “‘shoestring,”’ seemingly of the valley type, 
comes from the Nephtiana-Shirvanski field of the Maikop district in 
Russia. 

Some abnormal types of porosity—Some of the abnormal types of 
productive structure consist of serpentines and other altered igneous 
rocks, reported responsible for the semi-commercial field at Havana, Cuba, 
and the field at Thrall, Texas. The Lytton Springs field was described by 
Collingwood and Rettger (27), who have shown that production comes 
from the upper 200 feet of “‘an old, buried, volcanic cone”’; and, as its 
contour is essentially domal (Plate 32), although mushroom shaped (Fig. 
3) it does not depart essentially from structural principles. Another ab- 
normal but commercially unproductive type was seen by the present 
writer in the Mexican fields (22), where asphaltic oil is flowing down the 
side of a basalt plug from an included breccia 50-100 feet above the sur- 
rounding plain. The oil is presumed to enter the basalt through fissures 
that connect with the productive sedimentary strata directly adjoining. 
Abnormal types may continue to be found as the science of geology pro- 
gresses, but the purpose of the present paper will not be served by ex- 
hausting their discussion. 

Adherence to structural principles despite porosity differences.—Thus a 
vast array of evidence points to porosity as one of the fundamental condi- 
tions that affect oil accumulation on otherwise favorable structure. Like 
faults and unconformities, lensing sands do not refute the structural 
theory, but they support it when the geologic relations of oil, gas and 
water are carefully studied with reference to any restricted area. Oil and 
gas are trapped in the saturated sands in the highest structural levels of 
suitable porosity accessible to fluids, whereas in water-dry sands the oil 
must exist synclinally, allowing gas to fill the sands at sufficiently porous 
spots almost anywhere higher in the porous stratum. 


12. ROLE OF “REGIONAL STRUCTURE” 


Definition —Some persons have supposed that “regional structure”’ is 
more important for oil accumulation than are local structures, but this 
view does not seem to be justified by experience. Regional structure is 
certainly one cause of the existence of certain production districts, such 
as the Arbuckle-Wichita-Amarillo mountains of Oklahoma, the Bend arch 
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and the Red River uplift of Texas, the Cincinnati arch of Ohio-Indiana, 
the Nashville dome of Tennessee, and the La Salle anticline of Illinois. 
Many fields have been discovered on similar “regional structures”; yet 
fully as many fields seem to lie on the adjoining homoclines if not in the 
actual geosynclines. 

Regional structural basins are of equal importance because many oil 
fields are found near their margins and some farther within them. 

Some examples of “regional uplifts.”—The importance of “regional 
structure” is evident from the discovery of the Seminole uplift, which 
carries upon it the Earlsboro, Searight, Seminole City, Bowlegs, Little 
River, and other pools in Seminole and Pottawatomie counties, Okla- 
homa. The fact that the surface rocks overlying the uplift have a quite 
different structural attitude has nothing to do with the theory or fact of 
oil accumulation (see Art. 6), for the oil-bearing beds lie in the subsur- 
face uplift and follow the principles of the structural theory. 

As to Texas, the close coincidence of many fields with the Bend arch 
(Vol. I, p. 306, Fig. 1) has been discussed in many papers and is here 
affirmed by the contribution of Esgen (Vol. II), who declares: ‘“The great 
Bend arch presents a magnificent structure for the accumulation of petro- 
leum.” Like the Seminole uplift, the Bend arch is mainly a subsurface 
manifestation. The Red River “uplift” is another regional structure which 
consists of a chain of disconnected Cambro-Ordovician limestone and 
“granite” hills extending from Cooke County on the east into Foard 
County on the west, a distance of approximately 200 miles. Kendrick and 
McLaughlin (Vol. IT) tell us that “the Petrolia dome would never have 
existed had it not been for the Red River arch’”’ and that the “structure 
was the direct cause of the accumulation of petroleum’ in that field. 
Gester and Hawley explain (Vol. II) that the Yates field constitutes “a 
marginal fold on the southwest flank of the geosynclinal ‘Saline basin’ of 
West Texas and is evidently the southeasternmost ‘closed’ fold on that 
same line of regional uplift traceable northwest through the Crane County 
and the Upton County fields” as illustrated in Figure 1 of Hennen (Vol. 
Il). 

All of the fields of northwest Louisiana (Vol. IT) are situated at struc- 
turally favorable places on the regional Sabine uplift. The Homer and 
Cotton Valley fields lie on prominent domes (Fig. 1); whereas in the 
Caddo, Pine Island, and Hosston districts, which have their own restricted 
structures and modifying conditions, the oil is concentrated in numerous 
local pools. 

Similarly, the Cincinnati arch is a “regional uplift” (surface and sub- 
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surface) that controls the existence of the fields of northwestern Ohio, 
northeastern Indiana, and southwestern Ontario. The Arbuckle-Wichita- 
Amarillo mountains control the existence of the Crinerville, Hewitt, 
Healdton, Duncan, Robberson, Cement, and other fields situated between 
and adjoining the Arbuckle and Wichita mountain mass collectively con- 
sidered and the existence of the line of oil fields over the buried Amarillo 
Mountains. The Big Horn—Casper mountain uplift of Wyoming controls 
the existence of the Salt Creek-Teapot dome, Big Muddy, Poison Spider, 
and other fields situated between and adjoining Casper and the south end 
of the Big Horn Mountains. 

Examples of regional structural basins —The Big Horn Basin of Wyo- 
ming is rimmed by important oil fields (40); the Michigan Basin already 
has an oil field on each side; and the West Texas structural basin as de- 
fined by drilling within the salt basin has oil fields on three sides (Vol. IT). 
The San Joaquin, California, Basin is rimmed with oil fields. The Los 
Angeles, California, Basin has many oil fields within it as well as near its 
margins. 

Summary.—The association of numerous productive structures with a 
single “regional uplift,” or with the margin of a broad structural basin, is 
common. Thus, if a geologist discovers a new regional uplift (either sur- 
face or subsurface) in a petroliferous province, he may wisely concentrate 
attention upon it until localized favorable structures are found thereon. 
Yet, this does not mean that a favorable type of structure will necessarily 
be barren if it lies outside any “regional uplift.” 


13. SYNCLINAL OCCURRENCES OF OIL AND GAS 


Synclinal oil and gas in Appalachian fields —In West Virginia and 
eastern Ohio many structural “highs” are found to be barren. In the 
words of Davis and Stephenson (Vol. II): 

Even though West Virginia is the state where the anticlinal theory received 
its earliest practical application, later developments have proved that the state 
also contains the outstanding examples of synclinal oil pools. This is especially 
true in the southern part of the state, where such important synclinal fields as 
the Tanner Creek field of Gilmer County, the Rouzer pool and the recent 
Granny’s Creek pool of Clay County, a part of the Blue Creek and Clendenin 
pools of Roane and Kanawha counties, and the Big Creek pool of Lincoln Coun- 
ty are located. In the central part of the state the Copley field of Lewis County, 
and the Wolf Summit fields are the major synclinal fields. Some of the syn- 
clines are closed structures; others are open. 


The Griffithville field is another definitely synclinal field described by the 
same writers. 
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In West Virginia the most important sands which produce oil from 
synclines are the Maxon, Keener, Berea, Big Injun, Weir, Gordon, Gordon 
Stray, and Fifth sands; these generally carry very little water. Where pro- 
duction is found on the flanks or the upper ends of synclinal basins or in 
the bottom of synclines, this occurrence is, strangely enough, like other 
seeming anomalies mentioned in this paper, consistent with the structural 
theory, as was long ago shown by Griswold and Munn (36); for the oil may 
be considered to have settled into the lowest structural position permitted 
by the low water levels existing in the particular sands in the synclines 
concerned. This condition of affairs was recognized in mapping by the 
West Virginia Geological Survey and recently illustrated by Reger (Vol. I) 
for the Copley pool (Fig. 5). The Wassons describe (Vol. I) the Cabin 
Creek field as a homoclinal accumulation in a thickened portion of the 
lower Berea sand well down on a synclinal flank. Since the Berea carries 
no water, the oil has been enabled to fill the sand as far down the homo- 
clinal slope as the “‘pay”’ lens exists. 

Although geologists familiar with other fields may contend that all 
anomalous structural relationships in Pennsylvania are due to the distri- 
bution of porosity in lenticular sands, this contention is not confirmed by 
observation. The distinction between saturated and water-free sands must 
be made; and, where made, the synclinal occurrences in the states men- 
tioned are found due to the principles of the anticlinal theory. 

Similar fields are described by Hartnagel and Russell, who state (Vol. 
IT) that, where minor anticlinal and synclinal folds exist in the water-free 
sands of New York, the oil is found in the synclines. Robinson, also, in 
acknowledging the common occurrence of synclinal gas in Pennsylvania 
(Vol. II), shows that some accumulation is controlled by minor up-folds 
in the major synclines. 

Synclinal oil in Oklahoma and elsewhere.—Synclinal oil is reported in a 
few pools in Osage County, Oklahoma, in sand lenses deposited around 
and between “buried anticlinal hills.” The Ramsey and certain other 
small pools of Washington and Osage counties are perhaps examples (37) 
of this relationship. Possibly the West Virginia type of synclinal accumu- 
lation may be absent only because of the water-saturated condition of 
Oklahoma sands in general in contradistinction to their water-free condi- 
tion in West Virginia and Ohio. The San Juan oil field of Utah is in a 
syncline and production comes from a water-free sand ( Ba), 

Anomalous synclinal accumulations —The close analogy of the Flor- 
ence field of Colorado (Vol. II) to synclinal occurrence will be referred to 
in Article 16. Another anomaly is found in Stephens County, Texas, where 
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a few synclinal occurrences exist which have not been fully explained, but 
Esgen (Vol. IT) considers them important. 

Suggested possible cause of absence of water.—The cause of the absence 
of water from West Virginia sands has remained a mystery. A possible 
cause of the water-free nature of sands in some synclines is suggested by 
Thom (82), who points out that regional unloading of a great land mass 
through denudation during a long period of time would theoretically 
cause expansion of the rock pores from which the water had previously 
been expelled by the compaction of the material. In West Virginia, how- 
ever, the “sands” are, as a matter of fact, competent sandstones; and 
thus the subject appears to demand further study for that part of the 
country. 

Relation of “drainage area” to production—As opposed to occasional 
productivity, the principal function of a syncline or basin in connection 
with oil accumulation in a petroliferous province of water-saturated sands 
is to constitute a “drainage area,” which has provided the oil for accumu- 
lation in porous sands in adjoining upward folds in accordance with the 
structural theory. Where a great syncline lies opposite a suitable upward 
fold having the other necessary fundamental conditions, the amount of 
oil in the structure is likely to be correspondingly large, but the relation- 
ship does not hold universally. Hertel shows (Vol. IT) that “a large drain- 
age area”’ is a contributory factor to the amount of oil found at Ventura 
Avenue, California; Gester and Hawley (Vol. II) make a similar explana- 
tion with reference to the Yates pool of Texas; and Hennen (Vol. IT) in 
regard to the Big Lake, McCamey, Church and Fields, Hendricks, and 
Artesia pools—all “located on the rim of a great structural basin.” It is 
also notable (Vol. II) that the fields of the La Salle anticline in Illinois 
(Fig. 1) lie opposite the greatest basin in the Illinois geosyncline on the 


west. 
I4. INTRA-FORMATIONAL FOLDING 


Pertinence of salt domes in this connection.—In addition to the discord- 
ances between surface and subsurface strata mentioned under Article ro, 
there is a fourth type, which calls for a greater degree of speculation. The 
classic examples of this type are salt domes. Ever since the discovery of 
the Spindletop field in Texas, controversy has taken place concerning 
the origin of such structures, and the question is deemed so important 
that it was made the subject of a former symposium by this Association.” 
Most geologists acknowledge that the salt has flowed to its present plug- 
like position, but considerable differences of opinion remain as to the 


« Geology of Salt Dome Oil Fields (1926), 787 pp-; 23° illustrations. 
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causes and mechanics of the flowage. However this may be, the salt has 
taken a position below and between formations of different ages, and in its 
concentration it has behaved exactly as an incompetent formation would 
be expected to behave, that is, as mud or putty would have acted if sub- 
jected to similar pressures on an experimental scale. 

Other intra-formational folding.—But intra-formational folding is not 
limited to salt and it is not limited to domes. It has occurred in shales in 
Italy, and it is observable in many anticlines in eastern New Zealand (24), 
where its resulting surface structures have been considered (probably er- 
roneously) as reflecting the underlying and controlling structures. This 
type of folding is reported to have taken place extensively in highly con- 
torted and crushed Saman shales of Eocene age on the Jobonillal uplift 
northeast of Negritos, Peru (46). It has taken place in the Lower Ceno- 
zoic of the Topila Hills of Mexico (3) (where the surface folds do not ex- 
tend down into the underlying Washita formation), and also northeast of 
Soto la Marina on the eastern flank of the Sierra de Tamaulipas anticline. 
In the mountainous country west of Panuco, competent limestones 3,000 
feet thick have “behaved like wax’’ and ‘thousands of feet of Pierre and 
Fox Hills marls, shales and sandstones, relatively non-competent strata, 
have been squeezed out of the intervening synclines.’’ Highly crumpled 
structure that may have a similar cause has been seen by the present 
writer in the Campanian formation of Palestine, where many thin chert 
beds, together with their interlaminated shales, have been highly dis- 
torted. The effects of a surface zone of this sort are conspicuous at Gem- 
sah, Egypt. 

The “flow zones” of Persia and ’Irag—Crumpling of the strata like 
that described seems to have been due to movements that have arisen in 
certain plastic, semiplastic, relatively plastic, or once plastic strata owing 
to the compressive effect produced on them by tectonic or other forces 
acting between underlying and overlying formations having greater com- 
petence. British geologists working in the Persian fields have discovered 
that non-competent beds like salt, gypsum, anhydrite, and certain shales 
have flowed under pressure to a remarkable degree, whereas the underly- 
ing competent limestone and overlying competent sandstones appear not 
to have been affected. This crumpling of incompetent beds, or ‘“‘flow 
zones,’’ as our British confréres call them, is magnificently developed (see 
diagrams by Richardson [78, 13]) in the Lower Fars series in the Masjid-i- 
Suleiman and other fields. Some of the most conspicuous surface folds 
bear no structural relationship to the producing Asmari limestone—a 
deep-lying competent limestone mainly of Oligocene age. 
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The pressures which produced the flowage may be due to (a) chemical 
action, (b) denudation, or (c) tectonic forces; but in any case the pressures 
have formed a system of anticlines, synclines, and domes near the surface 
quite diverse from the deep-lying structure of the competent limestone 
that forms the oil reservoir. Dips in the “flow zone”’ of the Fars series are 
as a rule much steeper and far more intricate than are the dips in the 
underlying, producing limestone, which generally takes the forrn of a 
normal anticlinal fold. Here again geophysics has come to the aid of the 
geologist, and, rather than detracting from the geologist’s prestige, has 
made his work more efficient than ever. It has now become possible for 
the geologist to decipher structures which previously were indecipherable 
prior to drilling. 


r5. ROLE OF IGNEOUS INTRUSIONS IN OIL-FIELD STRUCTURES 


Comparatively little has been written on the existence of igneous in- 
trusions in the anticlines or domes of petroliferous provinces. Intrusions 
exist near Austin, Texas, and, associated with “‘serpentine’’ (igneous or 
tuffaceous), may be responsible for oil accumulation at Thrall and Lytton 
Springs (27). That the existence of intrusions is not detrimental to oil oc- 
currence is proved by the many intrusions in the Mexican oil fields; yet 
geologists in general seem inclined to doubt the existence of any connec- 
tion between doming and intrusion and between accumulation and in- 
trusion. 

Some actual indications of the pertinence of intrusions are known to 
exist. In the semi-commercial Taranaki field of New Zealand (24) all of 
the 70,000 or more barrels of oil produced to date have come from a zone 
surrounding and within a mile of a great andesite intrusion which rises 
500 feet above the sedimentary land surface, causing some local geologists 
to ascribe the origin of Taranaki oil to the distillation effect produced by 
the igneous mass. In the Panuco field of Mexico igneous rocks are asso- 
ciated with two domes (3), and intrusions exist in or adjoining several 
Mexican fields. Some geologist has suggested that these intrusions may 
be of more recent origin than the oil accumulation. 

The cause of some doming seems to be laccolitic action, as in the Tow 
Creek anticline (Vol. II) of northwestern Colorado (Fig. 7), which is cut 
by a quartz-porphyry intrusion four miles in greatest diameter; yet this 
anticline constitutes a productive structure. The origin of the Homer and 
Bellevue, Louisiana, domes is ascribed by Spooner (Vol. II) to igneous 
intrusions. Theoretically, intrusions might be expected to trap oil in many 
places. It may be considered surprising that so many similar examples 
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exist in petroliferous provinces with so little evidence that oil has been 
trapped by them in quantity; for, up to the present date, the examples of 
this class of structural occurrence are semi-commercial. 


‘ 


16. ROLE OF CREVICES AND CAVITIES 


Intercommunication of wells due to porosity—From what has been said 
in Article 11, it becomes evident that many limestones are creviced. In 
Mexican and Persian fields the production seems to be greatest at spots 
of obvious crevicing or solution, evinced by the prompt inter-effect of 
wells when closed or opened. Comins tells us (28) that, in the Masjid-i- 
Suleiman field of the second-named country, the rock pressures in local- 
ities several miles distant from one another were found to drop “‘at prac- 
tically the same rate as in the producing sections” of the field. He ac- 
knowledges that the operators are “mostly agreed that the bulk of the 
fluid contents of the reservoir are contained in crevices, channels, joint 
planes, fractures and fissures rather than in a truly porous... . lime- 
stone.”’ The great wells of the ‘southern’? Mexican fields are commonly 
supposed to owe their phenomenal production to the existence of cavern- 
like openings, some of which owe their existence to the presence of algal 
reefs. In the Panuco field production is found along fracture lines and 
zones. Although the normal intercommunication between different parts 
of the reservoir in any producing sandstone field had already been proved 
in the United States (23, 49), the rapidity of intercommunication in the 
Persian and Mexican limestone fields constitutes evidence of much larger 
and more numerous openings than are known in sands. The fields of south- 
eastern New Mexico and West Texas‘ produce from porous limestones, 
some of which represent algal reefs. Egyptian fields also produce from 
reef limestones. 

Shale wells.—Quite different from the (possibly rare) accumulations in 
obviously great limestone reservoirs are those that become evident from 
shale wells. A conspicuous example lies on the west side (largely on the 
outside or on the edge of the closed domal area) in the Salt Creek field, 
where 59 wells out of a total of 2,160 (excluding the shallow Shannon sand 
wells) found their production in shale. In Teapot dome a shale well drilled 
near a fault had a phenomenal initial production. 

‘xamples of small shale production are found in Ohio and Pennsyl- 
vania along the south shore of Lake Erie, in eastern Kansas (18), and in 

* Formations of the Permian basin of the southwestern part of the United States 


are described in the Bulletin of the American Association of Petroleum Geologists, Vol. 
13, No. 8 (August, 1929). 
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the Florence field (Vol. II) of Colorado. Shale oil also exists in fracture 
zones induced by folding on certain domes of northwestern Colorado (Vol. 
II). Charles and Page suppose that the Kansas shale gas is held in minute 
pores, that the size of the wells may be influenced by fracturing and joint- 
ing, and that “‘the amount of fracturing may depend on the intensity of 
folding or the character of the shale.””, The Mowry—a hard, brittle, thinly 
laminated and highly organic shale of Wyoming—is also productive of 
oil on some structures, especially in the Little Lost Soldier, Wertz, and 
Ferris fields. Irwin tells us (47) that “no sand members are known to 
occur in it here, so that it would seem that the oil accumulation is made 
possible by fissures, faults and pockets induced by the intense deformation 
along the axes of the sharper folds.” 

Intensive study of a shale field.—In the present symposium the produc- 
tion of oil from shales has been studied at Florence by De Ford (Vol. II), 
who approached the problem from the scientific viewpoint in an effort to 
ascertain why oil has accumulated in that field in the absence of favorable 
surface structure (which is believed to be fairly representative of the sub- 
surface). The results proved (Plate 1) that (a) the structure is homocli- 
nal, with dips ranging from 2° to 5°, though the field is bounded on the 
east by a steep monocline that brings the productive beds to the surface; 
and (bd) the oil occurs in fissures of the Pierre shale. The present writer 
ventures the suggestion that the Florence occurrence may be a typical 
synclinal one (perhaps once concentrated through structural causes) 
where the oil has sunk to the lowest level permitted by the existing water 
level in the main fissures. 


I7. CONCLUDING STATEMENTS 


Degree of relationship between accumulation and structure.—Alter a re- 
view of the array of evidence presented, it must be admitted that a large 
proportion of the fields described in the symposium may appear, from a 
casual viewpoint, to depart from structural principles. Most of the au- 
thors prove that the fields reviewed by them bear some relation to struc- 
ture, but find many examples in which other factors are responsible for 
the exact position of the oil on a structure. 

Unimportance of the so-called “exceptions.” —We should not be misled 
into supposing that the seeming “exceptions” to strict structural occur- 
rence constitute a departure from the principles of the “structural theory” 
or that they indicate in any manner that oil is not generally related to 
structure. The “structural theory” does not tell us that oil is limited to 
anticlines and domes. When the “exceptions” are analyzed a large pro- 
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portion of them are found to lie in comparatively unimportant fields, in 
which sand or water conditions or other factors are such that it is a cause 
for wonder that oil exists at all. Sometimes the ‘“‘exceptions”’ are due to 
non-existence of ideal closure, sometimes to the interruption of the struc- 
ture by a fault or faults, sometimes to lensing out of the sands, sometimes 
to absence of folds but presence of inclined sand lenses, sometimes to un- 
conformable relationships, and sometimes to the absence of water in the 
sands. 

Universality of structural principles —But, in connection with all the 
“exceptions,” the observer can hardly fail to note that the principles of 
structural relationship (the differences in specific gravities between oil, 
water, and gas—dqualified by the essential question of the presence or 
absence of water in the particular sand under consideration) are ever 
operative. In all fields that contain water-saturated sands, oil has its para- 
mount tendency to ascend into the highest accessible point in any sand. 
In fields in which the sands are water-free, the oil tends to descend to the 
lowest point at which a sand is sufficiently porous in any syncline. Since 
by far most of the known fields are in regions of water saturation, the 
geologist seems to be justified in assuming that the sands are saturated 
unless information to the contrary exists; yet he must be constantly on 
the watch for indications that the region may be one of water-free sands. 

Importance of fundamental conditions —Furthermore, we all know of 
fields which would never have been discovered on the basis of structural 
evidence alone. Much time and money have been expended in a search for 
oil in certain regions in which structural conditions were supposedly ob- 
vious, when this effort applied in regions of more favorable fundamental 
conditions but less obvious surface structure might have resulted success- 
fully. It should be recognized that, in order that oil may exist anywhere, 
first of all there is need for suitable fundamental conditions. The most 
adequate structural relationships will avail nothing if the conditions enu- 
merated in Article 2 be unsuitable. 

Justification for structural search—The geologist seems justified in 
continuing to search for favorable structure (surface or subsurface) in 
any fundamentally favorable geologic province, as well as in searching for 
the crest of any structure that is considered to have the essentially funda- 
mental conditions for possible production; yet, if the first test wells result 
in disclosing unsatisfactory porosity, unconformable or hydrostatic condi- 
tions, he should not admit failure until after exhaustively appraising the 
situation to determine whether some other part of the structure or of 
adjoining structure may have more favorable conditions. 
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Réle of geophysics—Let nobody suppose that geology has sacrificed 
prestige because it has called in geophysics to solve certain problems. We 
have simply progressed to a stage in advance of the period at which sur- 
face or obvious structures alone were looked for. The complexities of earth 
structure are being revealed as more surprising every year; and we find 
that illusive salt domes, “buried hills,’’ and anticlines concealed beneath 
“flow zones,” which are not evident from the surface, can be discovered by 
supplementing our visual observations with geophysical researches. Our 
science is none the less “geological”’ than it was before; the interpretation 
and final verdict of the geologist are no less essential thanever;but, through 
our geophysical methods, we are reaching out into the unknown. Perhaps 

‘the future may hold something even more wonderful in store for its in- 
vestigators; but, in any case, we must not abandon our faith in structure. 
Every seeming ‘‘exception” clinches the structural principles more strong- 
ly than before, and we can advance with a greater degree of understanding 
of our difficulties and a keener appreciation of the pitfalls and the means 
for avoiding them. 

Conclusion.—If some supposed “‘exception”’ to the operation of struc- 
tural principles seems to have been given inadequate treatment in this 
symposium, in the writer’s review of it or elsewhere in the literature, let 
us do our best to fathom the facts and to ascertain in what way the opera- 
tion of structural principles has been controlled by other factors. In every 
case the answer will doubtless be found not to be an infraction of the 
principles or an obstacle to oil development, but a lesson that will assist 
in the discovery or development of fields elsewhere. 

In any geological discussion of American oil fields it may be important 
to bear in mind the fact that the United States, though it produces at the 
present time 68.2 per cent of the world’s annual output of crude oil (72), 
has been estimated to contain only 18 per cent of the world’s oil reserves 
(go), and that the lessons learned in our own country must be applied 
sooner or later to the development of new foreign fields, which may exist 
in many countries in which oil has not yet been discovered to exist com- 
mercially. 
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in Depew area, Oklahoma, 367 
in El Dorado field, Kansas, 161, 162 
in Florence field, Colorado, 78 
in Kevin-Sunburst field, Montana, 259 
in Lost Soldier district, Wyoming, 638, 
641 
in Madison pool, Kansas, 152 
in Martinsville field, Ilinois, 130 
in New York oil fields, 274 
in Osage County field, Oklahoma, 381 
in Salt Creek field, Wyoming, 503 
in Scenery Hill gas field, Pennsylvania, 
445 
in Seminole district, Oklahoma, 316, 
323, 324, 326 
upper, in Francisco pool, Indiana, 138 
Mississippian limestone, accumulation of 
oil in, determined by structure in 
Martinsville field, Illinois, 137 


Modelo shale in Ventura Avenue field, 
California, 33 


Moffat, Iles, and Thornburg region, Colo- 
rado, section, 107 


Moffat dome, Colorado, 93 
an anticline, 676 
Benton shale, 103 
Dakota sandstone, 97, 103 
faulting, 103 
Jurassic, 93 
Mancos formation, 97, 102 
Morapos escarpment, 103 
Morapos sandstone, 102 
Morrison formation, 96, 103 
oil, 96 
oil sands, 93, 103 
production, 103 
source of oil, 96 
structural map, 102 
“Sundance sand,”’ 95, 103 


Moffat field, Colorado, water, 114 


Monocline at Depew area, Oklahoma, 368 

at eastern edge of Florence field, Colo- 
rado, 82 

at Francisco pool, Indiana, 140 

in Centralia-Sandoval area, Illinois, 
122, 123 

in Stephens County, Texas, 472 

Prairie Plains, at Seminole district, 
Oklahoma, 335 


Monongahela formation in Scenery Hill 
gas field, Pennsylvania, 444 


Montana, Cretaceous in Kevin-Sunburst 

field, 257 

Devonian in Kevin-Sunburst field, 260 

geologic map of Sweetgrass arch, show- 
ing Kevin-Sunburst, Pondera, and 
Bannatyne oil fields, 255 

Jurassic in Kevin-Sunburst field, 258 

Kevin-Sunburst field, 254 

log section, Kevin-Sunburst field, 258 

Mississippian in Kevin-Sunburst field, 


259 
Pleistocene in Kevin-Sunburst field, 257 
Montana and Wyoming, Carboniferous in 
Elk Basin field, 580 
contour map of Elk Basin field, opp. 581 
Elk Basin oil and gas field, 577 
Montana group in Florence field, Colo- 
rado, 80 
Monterey oil in Santa Maria district, Cali- 
fornia, origin, 21 
Monterey shales in Santa Maria district, 
California, 18 
faulting, 20 
Morapos escarpment at Moffat dome, 
Colorado, 103 
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Morapos sandstone in Moffat dome, Colo- 
rado, 102 

Morrell, Jacques C., and Egloff, Gustav, 
quoted on analysis of crude oil at 
Ventura Avenue field, California, 


39 
Morrison field, Oklahoma, a typical dome, 
677 
Morrison formation in Florence field, 
Colorado, 79 
in Iles dome, Colorado, 96, 99 
gas In, 102 
in Lost Soldier district, Wyoming, 642 
in Moffat dome, Colorado, 96, 103 


Morrison series in Grass Creek field, Wyo- 
ming, 625 

Moulton, Gail F., Francisco pool, Gibson 
County, Indiana, 138 

Martinsville pool, Illinois, 130 

Moulton, Gail F., and Bell, A. H., three 
typical oil fields of the Illinois re- 
gion, 115 

Mount Pleasant dome at Cushing field, 
Oklahoma, 399 


Nacatoch “Gas rock” in Caddo field, 
Louisiana, 190 
Nacatoch sand, analysis of Bellevue oil 
from, 249 
in Bellevue field, Louisiana, 232, 240, 
249 
in Cavett anticline, 174 
in Homer field, Louisiana, 197, 209, 210, 
214 
section, 211 
subsurface structure map, 220 
in Hosston field, Louisiana, 194 
in northern Louisiana, 185 
in Pine Island field, Louisiana, 169, 173, 
192 
structure map of top, 173 
in Stephens field, Arkansas, 6, 8, 9, 11 


Nemaha Mountain range (‘Granite 
ridge’’), the best-known example 
of buried hill in the United States, 
160, 693 

Newby, Jerry B.; Torrey, Paul D.; 
Fettke, Charles R.; and Panyity, 
L. S., Bradford oil field, McKean 
County, Pennsylvania, and Cat- 
taraugus County, New York, 407 

New Mexico, southeastern, and West 
Texas, map showing location of 
Big Lake oil pool, 502 

showing location of Yates field, 483 
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Mowry beds in Lost Soldier district, Wyo- 
ming, 666 


Mowry shale in Ferris dome, Wyoming, 
658 

in Little Lost Soldier dome, Wyoming, 
649 

in Lost Soldier district, Wyoming, 645 


Muddy sand in Ferris dome, Wyoming, 
658 
in Grass Creek dome, Wyoming, 624 
in Lance Creek field, Wyoming, 608 
in Little Lost Soldier dome, Wyoming, 
649 
in Salt Creek field, Wyoming, 596 


Murphy sand in Scenery Hill gas field, 
Pennsylvania, 444 


Murrysville anticline at McKeesport field, 
Pennsylvania, 449 


Murrysville sand in Scenery Hill gas field, 
Pennsylvania, 446 


Mylius, L. A., map of subsurface struc- 
ture of Martinsville field, Illinois, 
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New York, Allegany County field, 272 
Cattaraugus County field, 272 
deep well in Richburg field, 289 
example of accumulation due to lentic- 
ularity of producing formation, 700 
gravity of oils in Allegany County, 284 
map of oil fields of Cattaraugus, Al- 
legany, and Steuben counties, 270 
section through Nile-Richburg pools, 
281 
southwestern, and Pennsylvania, map 
of oil and gas fields, 408 
New York and Pennsylvania, accumula- 
tion-distillation curve of Bradford 
crude oil in Bradford field, 432 
Bradford field, 407 
Devonian in Bradford field, 414, 417 
Devono-Carboniferousin Bradford field, 
Atl 
grain-size analysis of Bradford sand 
from vicinity of Knapp dome in 
Bradford field, 424 
map of subsurface structure of Brad- 
ford field, 421 
showing limits of Bradford sand dep- 
osition in Bradford field, 428 
showing location of Bradford field, 
408 
Pennsylvanian in Bradford field, 410 
production curve of typical Bradford 
sand property, Bradford field, 440 
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production decline curve for Bradford 
field, 441 
section of flood line on north Looker 
property, Bradford field, 426, 427 
of sands of Bradford field, 416 
Silurian in Bradford field, 417 


New York oil fields, 269 
analyses of ground water, 288 
anticlines, 283 
Cambrian, 275 
Cattaraugus beds, 275 
character of oil, 283 
character of oil sands, 279 
Chemung beds, 277 
columnar section, 274 
development, 272 
Devonian, 274, 277 
drilling methods, 287 
folding, 271 
fossils, 273, 277 
future production, 289 
gas in Medina sandstone, 286 
gas production, 286 
glacial drift, 271 
lenticular sands, 280 
migration of oil, 283 
Mississippian, 274 
oil springs, 272 
Olean conglomerate, 273 
Ordovician, 275 
origin of Chemung formation, 282 

of oil sands, 282 
Oswayo beds, 273 
Pennsylvanian, 274 
Penny sand, 280 
physiography, 271 
plateau, 271 
porosity of oil sands, 280 


Oakes sand in Homer field, Louisiana, 
197, 211 
section, 212 
O’Brien Springs anticline, Wyoming, 660 
Offsetting arrangement of oil or gas fields, 
689 
Ohio, shale production, 708 
synclinal oil pools in eastern, 703 
Oil, analysis. (See Analysis of oil) 
anticlinal occurrence of. (See Anticlinal 
occurrence of oil) 
at Cromwell field, Oklahoma, vertical 
migration, 313 
at Elk Basin field, Wyoming and Mon- 
tana, gravity, 585 
at Ferris dome, Wyoming, gravity, 666 
at Florence field, Colorado, theory of 
upward migration, 88 
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production, 285, 286 
reservoir rocks, 277 
Silurian, 275 

source beds, 282, 283 
stratigraphy, 273 
terraces, 283 * 
unconformity, 274 
water, 287 


New York state, oil sands, 278 

“Niagaran’’ in Martinsville field, Illinois, 
132, 136 

Nile-Richburg pools, New York, section 
through, 281 


Niobrara formation, a possible source of 
oil at Florence field, Colorado, 87 
in Lost Soldier district, Wyoming, 
646 
North Caddo pool in Stephens County, 
Texas, 478 
Nose, anticlinal, at Big Lake field, Texas, 
514, 516 
in Martinsville area, Illinois, 133 
in Pine Island field, Louisiana, 173 
at Burkett pool, Kansas, 157 
at Cromwell field, Oklahoma, 305 
at Fankhouser pool, Kansas, 157 
at Kevin-Sunburst field, Montana, 263 
at Osage County field, Oklahoma, 382, 
385 
at Petrolia field, Texas, 548 
at Stephens County field, Texas, 472 
surface, at Petrolia field, Texas, 554 


Noses, definition of , 685 

Noses and terraces, réle of, 684 

Nugget sandstone in Iles dome, Colorado, 
93 


at Homer field, Louisiana, gravity, 225 
vertical migration, 221 
at Kevin-Sunburst field, Montana, 
gravity, 256 
at Lance Creek field, Wyoming, char- 
acter, 610 
gravity, O11 
temperature gradient, 611 
at Little Lost Soldier dome, Wyoming, 
source beds of, 650 
at Petrolia field, Texas, vertical migra- 
tion, 
at Rock River field, Wyoming, anal- 
yses, 620 
gravity, 620 
temperature gradient, 620 
at Salt Creek field, Wyoming, carbon 
ratio of, 602 
gravity, 602 
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at Scenery Hill gas field, Pennsylvania, 


450 
at Smith-Ellis field, Texas, gravity, 569 
migration, 567 
base of crude, at Big Lake field, Texas, 


529 

Bradford crude, in Bradford field, Penn- 
sylvania and New York, accumu- 
lation-distillation curve, 432 

analysis, 433 

cause of accumulation in Florence field, 
Colorado, 86 

character at Bellevue field, Louisiana, 


249 

at Big Lake field, Texas, 528 

at Bradford field, Pennsylvania and 
New York, 432 

at Caddo field, Louisiana, 194 

at Elk Basin field, Wyoming and 
Montana, 585 

at Elk Hills field, California, 56 

at Florence field, Colorado, 88 

at Kevin-Sunburst field, Montana, 
266 

at Rock River field, Wyoming, 619 

at Stephens field, Arkansas, 13 

at Ventura Avenue field, California, 


39 
in New York oil fields, 283 
in Osage County field, Oklahoma, 392 
in Santa Maria district, California, 
20 
chemical analysis of average crude, at 
Elk Basin field, Wyoming and 
Montana, 586 
crude, from ‘‘Wilcox”’ sand in Seminole 
district, Oklahoma, variation of 
gravity of, 340 
from Big Lake pool, Texas, analysis, 
527 
from Fourth zone in Big Lake field, 
Texas, character, 538-41 
from Shallow sand zone in Big Lake 
field, Texas, 527 
from Texon zone in Big Lake field, 
Texas, character, 527 
gravity of. (See Gravity of oil) 
in Bradford field, Pennsylvania and 
New York, origin, 429 
in Bradford sand, anticlinal occurrence 
of, 679 
in Cushing field, Oklahoma, vertical 
migration of, 398 
in Florence field, Colorado, vertical 
migration, 88 
in Francisco pool, Indiana, 139 
in Iles dome, Colorado, 96 
in Kevin-Sunburst field, Montana, 
gravity, 265 


in Moffat dome, Colorado, 96 

in Osage County field, Oklahoma, vari- 
ation of gravity of, 302 

in Petrolia field, Texas, source, 555 

in Rock River field, Wyoming, gravity, 
619 

in cain Maria field, California, lateral 
migration of, 18 

in Smith-Ellis field, Texas, origin, 567 

in Ventura Avenue field, California, 
vertical migration, 33 

indigenous in Permian limes in Big Lake 
field, Texas, 525 

migration. (See ‘Migration of oil) 

origin. (See Source beds) 

synclinal. (See Synclinal oil) 

theory of vertical migration of, in Big 
Lake field, Texas, 524 

variation of gravity with depth. (See 
Gravity of oil, variation with 
depth) 

vertical migration. (See Migration, ver- 
tical, of oil) 

Woodbine, at Bellevue field, Louisiana, 
gravity, 249 


Oil accumulation, anticlinal, on the Bend 


arch, 682 
criteria necessary for, 669 
in Francisco pool, Indiana, governed by 
structure, 141 
in Mississippian limestone determined 
by structure in Martinsville field, 
Illinois, 137 
in Pennsylvanian in Martinsville field, 
Illinois, porosity of sand an im- 
portant factor in causing, 137 
in Strawn, relation to structure, in 
Stephens County, Texas, 476 
phenomena influencing, 668 
relation to structure. (See also Accu- 
mulation of oil) 
bibliography, 705, 708, 711-16 
in Big Lake field, Texas, 525 
in Bradford field, Pennsylvania and 
New York, 431 
in Breckenridge pool in Stephens 
County, Texas, 478 
in Cromwell field, Oklahoma, 308 
in Homer field, Louisiana, 221 
in Illinois oil-field region, 120 
in Osage County field, Oklahoma, 
388, 389 
in Petrolia field, Texas, 542 
in shoestring pools of Greenwood 
County, Kansas, 159 
in Stephens County, Texas, 470,477 
in Virgil pool, Kansas, 145, 146 
in West Columbia field, Texas, 466 
in Yates field, Texas, 496 
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Oil and gas from Pennsylvanian sands in 
Seminole area, Oklahoma, 321 
source of, in Iles dome, Colorado, 97 
in Lost Soldier district, Wyoming, 
642, 665 
in New York oil fields, 283 
in the Wall Creek and Dakota sands 
in Elk Basin field, Wyoming and 
Montana, 585 
synclinal occurrences, 703 


Oil and gas accumulation, due to anticli- 
nal or domal structures in north- 
western Colorado, 114 

relation to structure in Bradford field, 
Pennsylvania and New York, 420 
in northwestern Colorado, 106 
in Osage County field, Oklahoma, 395 
in Scenery Hill gas field, Pennsyl- 
vania, 447 
seemingly not influenced by structure 
at Delaware Extension pool, Okla- 
homa, 362 


Oil and gas fields of Lost Soldier district, 
Wyoming, 636 
Oil and gas formations, Caddo field, 
Louisiana, 190 
Oil and gas horizons in El Dorado field, 
Kansas, 166 
Oil and Gas Journal, table showing pro- 
duction, El Dorado field, Kansas, 
167 
Oil and gas production at Bradford field, 
Pennsylvania and New York, 436 
at Elk Basin field, Wyoming and Mon- 
tana, 587 
at Lance Creek field, Wyoming, 612 


Oil and gas reservoirs. (See Reservoir 
rock) 

Oil and gas sands in Kevin-Sunburst field, 
Montana, 264 


Oil and gas structures, classification of, 
671 
Oil fields of Cattaraugus, Allegany, and 
Steuben counties, New York, map, 
270 
of Santa Maria district, California, 
map, 19 
on terraces, 684 
three typical, of the Illinois region, 115 
Oil fields and development in Seminole 
area, Oklahoma, map, 317 
Oil horizon, ‘‘Dixie,”’ in Pine Island field, 
Louisiana, 179 
twenty-nine-hundred-foot, in Pine Is- 
land field, Louisiana, 178 


Oil horizons in Yates field, Texas, 401 
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Oil occurrence in El Dorado field, Kansas 
166 
in joints and fissures in Florence field, 
Colorado, 81 


Oil production at Bellevue field, Louisi- 
ana, 250 
at Big Lake field, Texas, 503, 527, 530, 
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at Bowlegs field, Oklahoma, 351 

at Bradford field, Pennsylvania and 
New York, 440 

at Bunker Hill dome, Wyoming, 653 

at Caddo field, Louisiana, 190, 192, 194 

at Cafion City field, Colorado, 89 

at Cromwell field, Oklahoma, 311 

at Cushing field, Oklahoma, 397 

at Delaware Extension pool, Oklahoma, 
362 

at Depew area, Oklahoma, 376 

at Elk Basin field, Wyoming and Mon- 
tana, 587 

at Elk Hills field, California, 58, 59, 60, 
61 

at Ferris dome, Wyoming, 658 

at Florence field, Colorado, 81, 89 

at Granny’s Creek pool, West Virginia, 
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at Griffithsville field, West Virginia, 571 

at Homer field, Louisiana, 198, 210, 
2O2" 220-26 

at Kevin-Sunburst field, Montana, 266, 
207 

at Little Lost Soldier dome, Wyoming, 
649, 650 

at Long Beach field, California, 66, 73 

at Middle Ferris dome, Wyoming, 659 

at Moffat dome, Colorado, 103 

at Osage County field, Oklahoma, 380, 
301 

at Pine Island field, Louisiana, 180, 181 

at Rock River field, Wyoming, 621 

at Salt Creek field, Wyoming, 597 

at Scenery Hill gas field, Pennsylvania, 


440 

at Smith-Ellis field, Texas, 567 

at Stephens field, Arkansas, 12, 15 

at Ventura Avenue field, California, 32, 
37, 40, 41 

at Virgil pool, Kansas, 142, 143 

at Wertz dome, Wyoming, 652 

at West Columbia field, Texas, 467, 460 

from Cromwell sand in Cromwell field, 
Oklahoma, 308 

from deep zone in Big Lake field, Texas, 
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from Fourth oil zone in Big Lake field, 
Texas, 533 

from General Petroleum sand in Gen- 
eral Petroleum field, Wyoming, 660 
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in New York oil fields, 285, 286 
in Seminole district, Oklahoma, 318, 


319 
in Stephens County, Texas, 470 
in Tow Creek anticline, Colorado, 108 
relation to structure, 129 


Oil-production curve of Ventura Avenue 
field, California, 38 


Oil sand, character of, in Caddo field, 
Louisiana, 193 

“Herndon,” in Pine Island field, Louisi- 
ana, 181 

in Depew area, Oklahoma, 376 

in Elk Basin field, Wyoming and Mon- 
tana, 579 

in Ferris dome, Wyoming, 658 

in Griffithsville field, West Virginia, 573 

in Lance Creek field, Wyoming, 607, 
608 

in Martinsville field, Illinois, 132 

in Osage County field, Oklahoma, 379, 
381, 395 

in Pine Island field, Louisiana, 171, 174 

in Rock River field, Wyoming, 617 

in Boe district, Oklahoma, 331, 


334; 
in Tanne Ce field, West Virginia, 
S76) 
Oil sands, character, in New York oil 
fields, 279 


in Bradford field, Pennsylvania and 
New York, 2709, 414, 419 

in Centralia-Sandoval area, Illinois, 126 

in El Dorado field, Kansas, 166 

in Elk Basin field, Wyoming and Mon- 
tana, 584 

in Elk Hills field, California, 54. 

in Florence field, Colorado, 79, 87 

in Grass Creek dome, Wyoming, 624 

in Hewitt field, Oklahoma, 293 

in Homer field, Louisiana, 210 

in Iles dome, Colorado, 93, 97, 99 

in Long Beach field, California, 65 

in Moffat dome, Colorado, 93, 103 

in New York oil fields, 278 

origin, 282 

in Petrolia field, Texas, 552 

in Pine Island field, Louisiana, 178 

in Richburg pool, New York, 279 

in Salt Creek field, Wyoming, 594, 596 

in ai ae Hill gas field, Pennsylvania, 


in sien hens field, Arkansas, 7 

in Ventura Avenue field, California, 30 
in Virgil pool, Kansas, 143 

porosity of. (See Porosity) 

Oil springs in New York oil fields, 272 

Oil zones in Big Lake field, Texas, 522 


Oklahoma, accumulation of oil and gas 


seemingly not influenced by struc- 
ture at Delaware Extension pool, 
362 

Bowlegs field, 316, 317, 318 

Cambro-Ordovician in Osage County 
field, 38x 

Chattanooga shale, Seminole district, 
328 

Cromwell field, 300 

Cushing oil and gas field, 396 

Delaware Extension pool, 362 

Depew area, 365 

Devonian-Silurian in Seminole district 
316, 329 

diagram of Pearson-St. Louis area, 
Seminole district, 347 

dip and strike map of surface rocks at 
Hewitt oil field, 292 

Earlsboro field, 316, 317, 318 

geologic section, Seminole district, 320, 


324 

Greater Seminole district, 315. (See also 
Seminole district) 

Hewitt field, 290 

index map of, showing Osage County 
oil-field area, 379 

Little River field, 316, 317, 318 

log section of wells in Osage County, 380 

map of areal geology of Cushing field, 


401 
of oil fields and development in Semi- 
nole area, 317, 330, 337 
of structure of Viola limestone in 
Bowlegs field, 354 
of subsurface structure of Delaware 
Extension pool, 363 
of Osage County field, 385, 286, 


387 
of sertsce and subsurface structure of 
Bowlegs pool, 345 
of Earlsboro pool, 344 
of Little River pool, 346 
of Searight pool, 342 
of Seminole pool, 343 
of surface structure of part of Osage 
County, 383, 384 
of St. Louis pool, 348 
showing areal distribution of pre- 
Pennsylvanian rocks in Cushing 
field, 401 
showing ‘thickness of interval from 
top of Viola limestone to top of 
a shale in Bowlegs field, 


of aN shale in Bowlegs field, 
356 
of Viola limestone in Bowlegs field, 


360 


750 
of Woodford shale in Bowlegs field, 


355 
migration of oil. (See Migration) 
Mission field, 316, 317 
Mississippian in Cushing field, 401 
in Depew area, 367 
in Osage County field, 381 
in Seminole district, 316, 323, 324, 
326 
oil field in Osage County, 378 
Ordovician in Cushing field, 401, 403, 
404 
in Osage County field, 381 
in Seminole district, 316, 325, 331, 


337 

Patton, Leroy T., and Sellards, E. H., 
quoted on microscopic study of 
Texon zone, Big Lake pool, Texas, 


524 
Pearson Switch field, 316, 317, 318 
Pennsylvanian in Cushing field, 398 
in Depew area, 366 
in Earlsboro field, 321 
in Hewitt field, 292, 293 
in Osage County field, 378 
in Seminole district, 323, 324, 325 
Pennsylvanian structure in Seminole 
district, 335 
Permian in Hewitt field, 292, 293 
Poor Farm pool, 365 
production contour map of Cromwell 
eld, 310 
production curves, Cromwell field, 312 
Osage County field, 391, 393, 304 
production map of Bowlegs field, 353 
Quaternary in Seminole district, 324 
St. Louis field, 316, 317, 318 
Searight field, 316, 317, 318 
section, Bowlegs field, 322 
Cromwell field, 307, 309 
Depew fold, 367, 375 
Dropright dome in Cushing field, 404 
Little River field, 322 
north part of T. 16 N., R. 7 E., in 
Cushing field, 405 
Seminole field, 322, 339, 340 
Shamrock dome in Cushing field, 405 
Seminole City field, 316, 317, 318 
Seminole district, 315 
Sheetz pool, 365 
Silurian in Seminole district, 324 
sources of oil. (See Source beds) 
statistical details of Seminole oil pools, 
318 
stratigraphic column, Cromwell field, 
303 
structure contour map of pre-Pennsyl- 
vanian rocks in Cushing field, 
Oklahoma, 402 
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of surface rocks in Cushing field, 400 
subsurface contour map of Depew area, 
370, 371, 373; 374 
subsurface structure map of Cromwell 
field, 306 , 
of Hewitt field, 296 
of Southeast Extension, Hewitt field, 
207 
surface map of Depew area, 369 
surface structure map of Cromwell field, 


304 
synclinal oil, 704 
Oklahoma and part of Texas, sketch map 
showing relation of Red River arch 
to other major structural features, 
551 
Oklahoma examples of accumulation due 


to lenticularity of producing for- 
mation, 699 


Oklahoma fields, faulting important in, 


Olean conglomerate in Bradford field, 
Pennsylvania and New York, 410 
in New York oil fields, 273 
in Rock City, New York, photograph 
showing joint plane, 276 
Oligocene in Lance Creek field, Wyoming, 
605 
in West Columbia field, Texas, 450, 
461, 466 
Oélites in Dillon sand in Pine Island field, 
Louisiana, 175 
Ordovician in Cushing field, Oklahoma, 
40I, 403, 404 
in El Dorado field, Kansas, 162, 163 
in Florence field, Colorado, 78 
in Grass Creek field, Wyoming, 627 
in New York oil fields, 275 
in Osage County field, Oklahoma, 


381 

in Petrolia field, Texas, 546 

in Seminole district, Oklahoma, 316, 
325, 322, 83 

Upper, in Virgil pool, Kansas, 145 

Origin of Bradford sand in Bradford field, 

Pennsylvania and New York, 429 

of domes, relation of, to productivity, 
680 

of folds in Osage County field, Okla- 
homa, 388 

of Monterey oil in Santa Maria district, 
California, 21 

of oil. (See Source beds) 


Osage County, Oklahoma, buried hills, 
389 
oil field in, 378 
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Osage Seal field, Oklahoma, anticlines, 
382 
DDOgaDhy, footnotes, 379, 381, 382, 
388 
Bird Creek limestone, 379 
Burgess sand, 381, 386 
Cambro-Ordovician, 381 
character of oil, 392 
Chattanooga shale, 381, 387 
closure, 382 
domes in, 385 
faulting, 387 
gas, 389 
gas production, 392 
gravity of oil, 395 
“Hominy” sand, 381 
index map of Oklahoma showing, 379 
lateral migration of oil, 389, 390 
Layton sand, 379, 385, 3890 
lenticular shale, 379 
limestone beds, 378 
log section of wells in, 380 
map showing subsurface structure, 385, 
386, 387 
showing surface structure, 383, 384 
migration of oil, 390 
’ “Mississippi lime,” 381 
Mississippian, 381 
noses, 382, 385 
oil production, 392 
oil sand, 379, 381, 395 
Ordovician, 381 
Oswego limestone, 379 


Paleozoic in Thornburg dome, Colorado, 
103 

Palo Pinto limestone in Smith-Ellis field, 
Texas, 559, 501 

Panyity, L. S.; Newby, Jerry B.; Torrey, 
Paul D.; and Fettke, Charles R., 
Bradford oil field, McKean County, 
Pennsylvania, and Cattaraugus 
County, New York, 407 

Parallel folding at Bradford field, Penn- 
sylvania and New York, 419 

Parks fold in Stephens County, Texas, 476 

Pawhuska formation in Cushing field, 
Oklahoma, 398 

Pawhuska limestone in Cushing field, 
Oklahoma, 400 

Peabody field, Kansas, typical dome, 677 

Pearson Switch field, Oklahoma, 316, 317, 
318, 324. (See also Seminole dis- 
trict, Oklahoma) 

Pearson-St. Louis area, Oklahoma, dia- 
gram, 347 
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Pennsylvanian, 378 

porosity of reservoir rock, 382 

production, 389 

production curves, 391, 393, 304 

relation of accumulation of oil and gas 
to structure in, 395 

relation of accumulation of oil to struc- 
ture, 388, 389 

reservoir beds, 389 

“Siliceous lime,’’ 381 

sources of oil, 382 

stratigraphy, 378 

structure, 382 

Tyner formation, 381 

variation of gravity of oil, 392 

water, 389 

Oswayo beds in New York oil fields, 273 


Oswayo formation in Bradford field, 
Pennsylvania and New York, 413 
Oswego limestone in Osage County field, 
Oklahoma, 379 
Ouachita geosyncline at Caddo field, 
Louisiana, 186 
Overthrusts, réle, 691 
Overturned folds, réle of, 691 
Ozan formation in Bellevue field, Louisi- 
ana, 240 
in Homer field, Louisiana, 209 
in Stephens field, Arkansas, 6 
Ozark highland bordering the Centralia- 
Sandoval area, Illinois, 122 


Hunton formation, 347 
Simpson formation, 347 


Pemberton, J. R., Elk Hills, Kern County, 
California, 44 


Pennsylvania, Devonian in Scenery Hill 

gas field, 444, 445 

McKeesport field, 449 

map of structure of Scenery Hill gas 
field, 448 

Mississippian in Scenery Hill gas field, 
445 

Pennsylvanian in Scenery Hill gas field, 
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osition in Bradford field, 428 
showing location of Bradford field, 
408 
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641 
in Petrolia field, Texas, 544 
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fossils, 171, 178 
future production, 182 
Gilliam anticline, 173 
Glen Rose, 171 
Glen Rose fold, 175, 177 
Gulf Series, 169 
“Herndon” oil sand, 181 
Hosston anticline, 173 
Jeems Bayou “high,” 174 
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of top of Nacatoch sand, 173 
subsurface stratigraphy, 169 
surface stratigraphy, 169 
syncline, 173, 175 
Tertiary, 169 
twenty-nine-hundred foot oil horizon, 
178 


760 
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influenced by, 680 
at Cromwell field, Oklahoma, 313 
in Illinois oil field region, 120 
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Dakota sand, 616 
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Dakota sand, 596 
development, 590, 594, 603 
drilling methods, 603 
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structurally cross-faulted anticline, 18 
Vaqueros sand, 18 
variation of gravity of oil with depth, 20 
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relation of oil and gas to structure, 
447 

Second gas sand, 446 

Speechley sand, 449 

Squaw-sand, 446 

stratigraphy, 444 

structure, 447 

synclinal production, 447, 450 

unconformity, 447 

water, 446, 450 

Waynesburg syncline, 447 

Scio pool, Allegany County, New York, 

209 


- Searight field, Oklahoma, 316, 317, 318, 


324. (See also Seminole district, 
Oklahoma) 
Searight pool, Oklahoma, map of surface 
and subsurface structure, 342 
Viola limestone, 342 


Second Frontier sand in Salt Creek field, 
Wyoming, 595 

Second gas sand in Scenery Hill gas field, 
Pennsylvania, 446 


Second Muddy sand in Rock River field, 
Wyoming, 616, 617 

Second oil “pay,’’ Texon, in Big Lake 
field, Texas, 509 

Second sand in Bradford field, Pennsyl- 
vania and New York, 422 


Second Wall Creek sand in Elk Basin 
field, Wyoming and Montana, 579, 
580, 584 
analysis of water from, 587 
in Salt Creek field, Wyoming, 592, 596 
Section, anhydrite zone in Homer field, 
Louisiana, 206 
Bellevue field, Louisiana, 234, 235, 244 
Big Lake dome, Texas, 505 
Bowlegs field, Oklahoma, 322 
Bradford field, Pennsylvania and New 
York, 416 
Brownstown marl and Tokio formation 
of Gulf series in Homer field, 
Louisiana, 205 
Caddo field, Louisiana, 188, 191 
Centralia-Sandoval area, Illinois, 129 
columnar, New York oil fields, 274 
Yates field, Texas, 485 
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Comanche rock, Stephens field, Arkan- 
sas, 5 
eee field, Oklahoma, 303, 307, 


Doses “told, Oklahoma, 367, 375 

Dropright dome in Cushing field, Okla- 
homa, 404 

El Dorado anticline, El Dorado field, 
Kansas, 162 

Ferris dome, Wyoming, 657 

Francisco pool, Indiana, 141 

from Temblor Range north across Elk 
Hills, California, 48 

geologic, eee district, Oklahoma, 
320, 3 

West Caan field, Texas, 460 

Glen Ridge anticline and Junction City 
dome, Illinois, 125 

Gulf series, Stephens field, Arkansas, 6 

Homer field, Louisiana, 200, 215, 218 

Illinois oil field region, 118 

Little Lost Soldier and Wertz domes, 
Wyoming, 650 

Little River field, Oklahoma, 322 

log, Kevin-Sunburst field, Montana, 
258 

of wells in Osage County, Oklahoma, 
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Long Beach field, California, 64 

Lost Soldier district, Wyoming, 639 

Lower Cretaceous, Bellevue field, Louisi- 
ana, 238 

lower Clea Rose beds, Homer field, 
Louisiana, 204 

Madison pool, ‘Kansas, T5215 3 

Mahoney dome, W-yoming, 655 

Moffat, Iles, and Thornburg region, 
Colorado, 107 

Nacatoch sand, Homer field, Louisiana, 
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Nile-Richburg pools, New York, 281 

north part of T. 16 N., R. 7 E., in 
Cushing field, Oklahoma, 405 

northwestern Colorado, 95 

Oakes sand, Homer field, Louisiana, 212 

of flood line on north Looker property, 
Bradford field, Pennsylvania and 
New York, 426, 427 

oil zones in Ventura Avenue field, Cali- 
fornia, 31 

Pennsylvanian formations in Wichita 
region, Texas, 546 

Petrolia oil and gas field, Texas, 547 

Pine Island field, Louisiana, 170, 177 

Salt Creek field, Wyoming, showing rel- 
ative position of water tables in 
producing horizons, 600 

Sandoval pool, Illinois, 127, 128 

Santa Maria and Cat Canyon oil fields, 
California, 20 
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Seminole field, Oklahoma, 322, 339, 340 
Shamrock dome in Cushing field, Okla- 
homa, 405 
Smith-Ellis and Hutton-Curry pools, 
Texas, 562, 563 
south-north, of El. Dorado anticline, 
Kansas, 161 
Stephens County, Texas, 474, 475 
Stephens field, Arkansas, 3 
stratigraphic, Elk Basin field, Wyoming 
and Montana, 579 
Lost Soldier district, Wyoming, 640 
structural, Elk Hills, California, 53 
Florence field, Colorado, 84 
Martinsville field, Illinois, 136 
Trinity group of Comanche series in 
Homer field, Louisiana, 205 
truncated, of West Columbia salt dome, 
Texas, 465 
Virgil pool, Kansas, 147, 148 
West Columbia field, Texas, 455-59 
west-east, of E] Dorado anticline, Kan- 
sas, 161 
Yates field, Texas, 497, 498 


Seeley pool, Kansas, 157 


Seismographs, use of, in locating salt - 


domes, 683 


Selig, A. L., quoted on Glen Rose Coman- 
che from Pine Island field, Louisi- 
ana, 171 
Sellards, E. H., and Patton, Leroy J., 
quoted on microscopic study of 
Texon zone, Big Lake pool, Texas, 
524 
Seminole City field, Oklahoma, 316, 317, 
318 
Seminole district, Oklahoma, 315 
analyses of oil, 348 
of water, 340 
bibliography, footnotes, 315, 316, 326, 
327, 329, 331, 332, 333) 335) 348 
Calvin series, 340 
Caney formation, 323 
Chattanooga shale, 326, 328 
Devonian, 324 
Devonian-Silurian, 316, 329 
diagram of Pearson-St. Louis area, 347 
of relations of members of Simpson 
formation, 334 
domal folds, 338 
drilling costs, 350 
faulting the dominant form of local 
deformation within the large dome 
folds, 359 
faults, 335, 338 
“First Wilcox” sand, 334 
folding, 338 
fossils in, 325, 326, 320, 331 
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geologic section, 320, 324 

geology, 351 

Hunton formation, 316, 329, 330, 331 

lenticular sand, 327, 334 

map, 330, 337 

of oil fields and development, 317 

“Mayes” limestone, 323 

Misener sand, 316, 327 

Mississippian, 316, 323, 324, 326 

oil and gas from Pennsylvanian sands, 
321 

oil sand, 331, 334, 335 

Ordovician, 316, 325, 331, 337 

Pennsylvanian, 323, 324, 325 

Pennsylvanian structure, 335 

Prairie Plains monocline, 335 

pre-Pennsylvanian structure, 335 

production, 318, 319 

Quaternary, 324 

relation of accumulation of oil to struc- 
ture, 331 

reservoir rock, 352 

section, 322, 339, 340 

“Seminole” sand, 334 

Silurian, 324 

Simpson formation, 316, 333 

source beds, 334, 335 

stratigraphy, 323 

structure, 338 

Sylvan shale, 331 

unconformity, 321, 324, 325, 329 

variation of gravity of crude oil from 
“Wilcox” sand, 349 

Viola limestone, 332, 338, 343 

water, 343 

“Wilcox” sand, 335 


Seminole field, Oklahoma, 324. (See also 
Seminole district, Oklahoma) 

Seminole oil pools, Oklahoma, statistical 
details, 318 

Seminole pool, Oklahoma, map of surface 
and subsurface structure, 343 


“Seminole” sand in Seminole district, 

Oklahoma, 334 

Seminole subsurface “uplift,” contradic- 
tory to surface structure, 681 


Seminole uplift, an important regional 
structure, 702 


Shale of Strawn formation probably 
source of oil in Smith-Ellis field, 
Texas, 567 

Shale production, in eastern Kansas, 708 

in Florence field, Colorado, 709 
in Ohio, 708 
in Pennsylvania, 708 
in Wyoming, 709 
Shale well in Teapot dome, 708 
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Shale wells, examples of, 708 
in Salt Creek field, 708 
Shallow gas sand in Hewitt field, Okla- 
homa, 293 
Shallow oil zone in Big Lake field, Texas, 
504, 507, 508, 522, 530 
Shambaugh pool, Kansas, 158 
Shamrock dome at Cushing field, Okla- 
homa, 399 
section, 405 
Shannon “dome,” a faulted segment on 
axis of anticline at Salt Creek field, 
Wyoming, 591 
Shannon sand in Salt Creek field, Wyo- 
ming, 591, 596 
Shawnee formation in El Dorado field, 
Kansas, 166 


Sheetz pool, Oklahoma, 365 


Sherard dome, Wyoming, 661 
Dakota sand, 662 
map showing structure of, 662 
water, 664 
Sheridan Basin, 591 
Shoestring pool, Madison, Kansas, 150 
Shoestring pools of Greenwood County, 
Kansas, Bartlesville sand in, 159 
lenticular sands, 159 
“Mississippi lime” buried hills, 159 
reservoir sands, 159 
sand bars possible origin of Bartlesville 
sand deposits in, 159 
tidal delta bars possible origin of 
Bartlesville sand deposits in, 159 
“Shoestring” sand lenses, examples in 
Kansas, 700 
Madison pool, Kansas, 151 
origin in shore-line deposits or valley 
fillings, 700 
Shoshone pool in Kevin-Sunburst field, 
Montana, 263 
“Siliceous lime” in El Dorado field, Kan- 
sas, 162 
in Osage County field, Oklahoma, 381 
Silurian in Bradford field, Pennsylvania 
and New York, 417 
in New York oil fields, 275 
in Seminole district, Oklahoma, 324 
Simpson anticline at Bradford field, Penn- 
sylvania and New York, 431 
Simpson formation in Pearson and St. 
Louis area, Oklahoma, 347 
in Seminole district, Oklahoma, 316, 
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diagram of relations of members of, 
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“Simpson” limestone in Bowlegs field, 
Oklahoma, 357 

Six-hundred-foot gas sand in Hewitt field, 
Oklahoma, 293 4 

Sixth sand in Bradford field, Pennsylvania 
and New York, 422 

Slagter, A. J., quoted on tests of oil in 
Big Lake pool, Texas, 538 


Smith, Philip S., and Heald, K. C., quoted 
on fissuring of rock at Cromwell 
field, Oklahoma, 305 
Smith-Ellis and Hutton-Curry pools, 
Texas, section, 562 
Smith-Ellis field, Texas, 556 
analysis of crude oil, 569 
bibliography, footnotes, 567 
Breckenridge limestone, 558 
development, 556 
differential settling, 560 
disconformity, 559 
drilling methods, 569 
Fry sand, 559, 564 
gravity of oil, 560 
index map of Brown County, Texas, 
showing location, 557 
initial production map, 568 
lenticular sand, 559, 564 
log, 560 
map showing relation of surface struc- 
ture to production, 558 
showing subsurface structure, 561 
showing thicknesses of Fry sand, 566 
migration of oil, 567 
origin of oil, 567 
Palo Pinto limestone, 559, 561 
Pennsylvanian, 559 
porosity of reservoir rock the main 
cause of oil accumulation, 567 
production, 567 
relation of accumulation to structure, 
567 
section, 563 
shales of the Strawn formation prob- 
ably the source of oil, 567 
Strawn formation, 564 
subsurface geology, 559 
subsurface map, 565 
surface geology, 559 
unconformities, 559 
water, 569 
Smithville shale in Stephens County, 
Texas, 471 
Snyder, J. Y., and Crider, A. F., structure 
map of top of Nacatoch sand in 
Pine Island field, Louisiana, 173 
Soda-ash method of extraction of oil at 
Bradford field, Pennsylvania and 
New York, 439 


Source beds, in Bradford field, Pennsyl- 


vania and New York, 429 

in Caddo field, Louisiana, 190 

in Dakota sand in northwestern Colo- 
rado, 97 

in Depew area, Oklahoma, 376 

in E] Dorado field, Kansas, 166 

in Elk Hills field, California, probably 
Maricopa diatomaceous shales, 44 

in Florence field, Colorado, 79, 87 

in Hewitt field, Oklahoma, 293 

in Homer field, Louisiana, 223 

in Iles dome, Colorado, 96 

in Kevin-Sunburst field, Montana, 259 

in Lance Creek field, Wyoming, 608 

in Little Lost Soldier dome, Wyoming, 
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in Long Beach field, California, 71 

in Lost Soldier district, Wyoming, 642, 
645 , 

in Moffat dome, Colorado, 96 

in New York oil fields, 282, 283 

in northwestern Colorado fields, 96, 
103, 107 

in Osage County field, Oklahoma, 382 

in Petrolia field, Texas, 555 

in Pine Island field, Louisiana, 179 

Comanche, 182 

in Rock River field, Wyoming, 618 

in Santa Maria field, California, 18, 21 

in Seminole district, Oklahoma, 334, 


335 
in Smith-Ellis field, Texas, 567 
in Ventura Avenue field, California, 33 
in Virgil pool, Kansas, 149 


Source of oil and gas in Big Lake field, 


Texas, theories, 524 
in Lost Soldier district, Wyoming, 665 
in the Wall Creek and Dakota sands in 
Elk Basin field, Wyoming and 
Montana, 585 


Source of producing sediments in Elk 


Basin field, Wyoming and Mon- 
tana, 584 


Southeast Extension, Hewitt field, Okla- 


homa, 297 
subsurface structure map, 297 


Sparta sand in Bellevue field, Louisiana, 


242 
in Homer field, Louisiana, 201 


Speechley sand in Scenery Hill gas field, 


Pennsylvania, 449 


Spindletop dome, an example of a field 


with three types of production, 683 


Spooner, W. C. Homer field, Claiborne 


Parish, Louisiana, 196 
Stephens oil field, Columbia and Ouachita 
counties, Arkansas, 1 
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Squaw sand in Scenery Hill gas field, 
Pennsylvania, 446 


“Stapleton zone” in El] Dorado field, Kan- 
sas, 166 


Statistical details of Seminole oil pools, 
Oklahoma, 318 


Steele shale in Lost Soldier district, Wyo- 
ming, 647 
Stein sand in Centralia-Sandoval area, 
Illinois, 129 
Stephens County, Texas, Bend arch, 472, 
477 
Bend formation, 472, 476 
Bend series, 471 
bibliography, footnotes, 470 
Breckenridge limestone, 471 
Caddo limestone, 471, 472, 473 
closure of reservoir, 472, 476, 478 
comparison of surface with subsurface 
structure, 476 
crevices in limestone, 478 
Curry pool, 476, 478 
domes, 472 
folding, 476 
geanticline, 472 
Ivan pool, 478 
lenticular lime, 471 
Marble Falls limestone, 472 
monocline, 472 
North Caddo pool, 478 
noses, 472 
Parks fold, 476 
Pennsylvanian, 471 
plunging anticlinal dip folds, 472 
production, 470 
relation of accumulation of oil to struc- 
ture, 470, 477 
in Breckenridge pool, 478 
section, 474, 475 
Smithville shale, 471 
stratigraphy, 471 
Strawn formation, 471, 472, 476 
structural basins in the Bend, 478 
structure, 471 
subsurface structure, 472 
of Bend arch, 473 
terraces, 472 
unconformity, 471 
water, 478 


Stephens field, Arkansas, 1 
age of deformation, 10 
Annona chalk, 6 
Arkadelphia clay, 7 
bibliography of, footnotes, 7 
Brownstown marl, 5 
Buckrange sand, 7, 10 
character of oil, 13 
Claiborne, 2, 7 
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Comanche, 2 
development, 1 
drilling methods, 12 
Eocene, 2, 7 
estimated future production, 17 
faults, 8 
Glen Rose formation, 4 
graben, 8 
Gulf series, 5 
lenticular sand, to 
Lower Cretaceous, 2 
Lower Tertiary, 7 
Marlbrook marl, 6 
Midway clay, 7 
Nacatoch sand, 6, 8, 9, 11 
oil sands, 7 
Ozan formation, 6 
porosity of producing sand, 8 
potential reservoir rocks, 11 
producing area, 12 
production, 2, 12, 15, 17 
production decline curve, 16 
red shale and sand zone, 2, 4 
relation of accumulation to structure, 9 
Saratoga chalk, 6 
section, 3 
of Comanche rock, 5 
of Gulf series, 6 
stratigraphy, 2 
subsurface structure, 8 
subsurface structure map, 9, 10, II 
surface structure, 8 
terrace, 8 
Tokio formation, 5 
topography, 2 
unconformity, 3, 5, 9, 12 
Upper Cretaceous, 5 
variation of gravity of oil with depth, 
13, 14 
water conditions, 15 
Wilcox formation, 7 
Woodbine sand, 5 
Stephenson, C. D., an oil field in T. 25 
N., R. 8 E., Osage County, Okla- 
homa, 378 
Stephenson, Eugene A., and Davis, Ralph 
E., synclinal oil fields in southern 
West Virginia, 571 
Steuben, Allegany, and Cattaraugus 
counties, New York, map of oil 
fields, 270 
Steuben County, New York, Marsh pool, 
269 
Storm, Willis, Smith-Ellis oil field, Brown 
County, Texas, 556 
Stratigraphic column, Cromwell field, 
Oklahoma, 303 
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Stratigraphic section, Lost Soldier dis- 
trict, Wyoming, 640 

Stratigraphic sequence, Salt Creek anti- 
cline at Salt Creek field, Wyoming, 
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Stratigraphy in Bellevue field, Louisiana, 
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in Big Lake field, Texas, 503 
in Bradford field, Pennsylvania and 
New York, 410, 414 
in Caddo field, Louisiana, 186 
in Cromwell field, Oklahoma, 302 
in Cushing field, Oklahoma, 398 
in Depew area, Oklahoma, 365 
in El Dorado field, Kansas, 160 
in Elk Basin field, Wyoming and Mon- 
tana, 578 
in Elk Hills field, California, 48 
in Florence field, Colorado, 77, 78 
in Francisco pool, Indiana, 138 
in Grass Creek field, Wyoming, 624, 626 
in Homer field, Louisiana, 198 
in Illinois oil-field region, 117 
in Kevin-Sunburst field, Montana, 257, 
258 
in Lance Creek field, Wyoming, 605 
in Lost Soldier district, Wyoming, 638 
in Madison pool, Kansas, 152 
in Martinsville field, Illinois, 132 
in New York oil fields, 273 
in northwestern Colorado, 93 
in Osage County field, Oklahoma, 378 
in Rock River field, Wyoming, 614 
in Salt Creek field, Wyoming, 591 
in Scenery Hill gas field, Pennsylvania, 
444 
in Seminole district, Oklahoma, 323 
in Stephens County, Texas, 471 
in Stephens field, Arkansas, 2 
in Virgil pool, Kansas, 143 
in Yates field, Texas, 482, 484 
subsurface, in Petrolia field, Texas, 545 
in Pine Island field, Louisiana, 169 
surface, in Petrolia field, Texas, 544 
in Pine Island field, Louisiana, 169 
Strawn formation in Big Lake field, 
Texas, 511 
in Petrolia field, Texas, 546 
in Smith-Ellis field, Texas, 564 
in Stephens County, Texas, 471, 472, 
476 
relation of accumulation of oil in, to 
structure in Stephens County, 
Texas, 476 
shales of, probably the source of oil in 
Smith-Ellis field, Texas, 567 
Stray sands in Hewitt field, Oklahoma, 


parkoetis 
in Petrolia field, Texas, 552 
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Structural basin, Big Lake pool located on 
rim of, 525 

Structural basins in the Bend in Stephens 
County, Texas, 478 


Structural conditions in Pine Island field, 
Louisiana, 172 
Structural discordances, 695 


Structural features of northwestern Colo- 
rado, map showing relation of pro- 
ducing structures to major, 94 


Structural geology of Ventura Avenue 
field, California, 27 


Structural map, surface, of Iles dome, 
Colorado, too 
of Thornburg dome, Colorado, 104 


Structural principles, universality of, 710 
Structural sections of Martinsville field, 
Illinois, 136 
Structure, accumulation of oil in Fran- 
cisco pool, Indiana, governed by, 
141 
buried-hill type, at Petrolia field, Texas, 
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favorable, analysis of, 672 

importance of, among accumulation 
criteria, 669 

in Bellevue field, Louisiana, 242 

in Big Lake dome, Texas, map, 517 

in Big Lake field, Texas, 516 

in Bradford field, Pennsylvania and 
New York, 419 

relation to accumulation of oil, 431 
relation to accumulation of oil and 

gas, 420 

in Bunker Hill dome, Wyoming, 653 

in Caddo field, Louisiana, 183, 184 

in Centralia-Sandoval area, Illinois, 120, 
122 

in Cromwell field, Oklahoma, 302 

in Delaware Extension pool, Oklahoma, 
accumulation of oil and gas seem- 
ingly not influenced by, 362 

in Depew area, Oklahoma, 368 

in El Dorado field, Kansas, 163 

in Elk Basin field, Wyoming and Mon- 
tana, relation to accumulation of 
oil and gas, 583, 585 

in Ferris dome, Wyoming, 656 

in Francisco pool, Indiana, 140 

in General Petroleum field, Wyoming, 
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in Grass Creek field, Wyoming, 629 

in Hewitt field, Oklahoma, 294 

in Iles dome, Colorado, 99 

in Illinois oil-field region, 117 

in Kevin-Sunburst field, Montana, 
200 
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in Lance Creek field, Wyoming, relation 
of accumulation of oil to structure, 
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in Little Lost Soldier dome, Wyoming, 
647 
relation of accumulation of oil to, 648 
in Long Beach field, California, 72 
in Lost Soldier district, Wyoming, 647 
in Mahoney dome, Wyoming, 654 
map of, 654 
in Martinsville field, Illinois, 133 
in Middle Ferris dome, Wyoming, 659 
in northern part of Lost Soldier district, 
Wyoming, map of, 663 
in Osage County field, Oklahoma, 382 
relation of accumulation of oil and 
_ _ Sas to, 395 
in Pine Island field, Louisiana, 172 
in Rock River field, Wyoming, 616 
relation of accumulation of oil and 
gas to, 618 
in Salt Creek field, Wyoming, 591 
map showing, 592 
in Santa Maria district, California, 18 
in Scenery Hill gas field, Pennsylvania, 
447 
map, 448 
relation of oil and gas to, 447 
in Seminole district, Oklahoma, 338 
in Sherard dome, Wyoming, map show- 
ing, 662 ; 
in Stephens County, Texas, 471 
comparison of surface with subsur- 
face, 476 
relation of accumulation of oil in 
Bend to, 477 
in Strawn to, 476 
in Thornburg dome, Colorado, 103 
in Viola limestone in Bowlegs field, 
Oklahoma, map, 354 
in Virgil pool, Kansas, 145 
in Wertz dome, Wyoming, 651 
in West Ferris and Ferris domes, Wyo- 
ming, 657, 659 
Pennsylvanian, in 
Oklahoma, 335 : 
physical, in Texon zone in Big Lake 
field, Texas, 523 
pre-Pennsylvanian, at Seminole district, 
Oklahoma, 335 
present, map of Grass Creek dome, 
Wyoming, showing, 633, 034 
relation of oil accumulation to, 667. 
(See also Accumulation of oil) 
relation of oil and gas accumulation to, 
in northwestern Colorado, 106 
relation to production in Martinsville 
field, Illinois, 137 
subsurface, in Bend arch, Stephens 
County, Texas, 473 


Seminole district, 
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in Big Lake field, Texas, 518 

in Elk Basin field, Wyoming and 
Montana, 581 

in Elk Hills field, California, 51 

in Homer field, Louisiana, 215 

in Kevin-Sunburst field, Montana, 
261, 262 

in Lance Creek field, Wyoming, 607 

in Petrolia field, Texas, 548 

in southwestern Clay County, West 
Virginia, map showing, 575 

in Stephens County, Texas, 472 

in Stephens field, Arkansas, 8 

in Tanner Creek pool, West Virginia, 
map showing, 574 

in Ventura Avenue field, California, 
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in West Columbia, Texas, 454 
in Yates field, Texas, 494, 499 
map, 495 
surface, in Elk Basin field, Wyoming 
and Montana, 580 
in Elk Hills field, California, 49 
in Homer field, Louisiana, 212 
in Lance Creek field, Wyoming, 607 
in Petrolia field, Texas, 548 
in Stephens field, Arkansas, 8 
in Yates field, Texas, 492 
map, 493 
surface and subsurface, in Bowlegs 
pool, Oklahoma, map, 345 
in Earlsboro pool, Oklahoma, map, 
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in Elk Hills, California, section, 53 

in Little River pool, Oklahoma, map, 
346 

in Petrolia field, Texas, map, 549 

in Searight pool, Oklahoma, map, 
342 

in Seminole pool, Oklahoma, map, 


343 
vertical relief of production on, 674 
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lationship between, 709 
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tween, at Pine Island field, Louisi- 
ana, 180 
Structure before end of Chugwater time, 
map of Grass Creek dome, Wyo- 
ming, showing, 633 
Structure contour map of pre-Pennsyl- 
vanian rocks in Cushing field, 
Oklahoma, 402 
of Salt Creek anticline, Wyoming, 595 
of surface rocks in Cushing field, Okla- 
homa, 400 
Structure determining accumulation of oil 
in Mississippian limestone in Mar- 
tinsville field, Illinois, 137 
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Structure map, geologic, of Homer dome, 
Louisiana, 214 
of Homer field, Louisiana, 216 
of northern Louisiana, 185 
of Centralia-Sandoval area, Illinois, 
124 
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of El Dorado pool, Kansas, 164 
of Iles dome, Colorado, ror 
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of south-central Colorado, 83 
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of Southeast Extension, Hewitt field, 
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of Ventura Avenue field, California, 
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of Hiawatha dome, Colorado, 113 

of Madison pool, Kansas, 156 
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383, 384 

of Rangely anticline, Colorado, 110 

of St. Louis pool, Oklahoma, 348 

of Tow Creek anticline, Colorado, 
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Smith-Ellis field, Texas, 558 
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in Salt Creek field, Wyoming, 594 
Sundance sand in Iles dome, Colorado, 
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in Moffat dome, Colorado, 95, 103 
in Salt Creek field, Wyoming, 597 
Swedenborg, E. A., analysis of connate 
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New York, 435 
Swedenborg, E. A., and Ross, J. S., analy- 
ses of waters of the Salt Creek field, 
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Sweetgrass arch, geologic map of, showing 
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Sweetland Creek shale in Martinsville 
field, Illinois, 131, 135 
Sylvan shale in Bowlegs field, Oklahoma, 
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map showing thickness, 356 
in Cushing field, Oklahoma, 4or 
in Seminole district, Oklahoma, 331 
Synclinal accumulation, San Juan oil field 
of Utah, an example of, 704 
Synclinal occurrences of oil and gas, 703 
Synclinal oil and gas in Appalachian 
fields, 703 
Synclinal oil fields in southern West Vir- 
ginia, 571 
Synclinal oil in Oklahoma, 704 
Synclinal oil pools in eastern Ohio, 703 
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Synclinal oil production in West Virginia, 
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of Permian Red-beds at Hewitt field, 
Oklahoma, 291 - 

Waynesburg, at Scenery Hill gas field, 
Pennsylvania, 447 

Synclines, sands producing from, in West 

Virginia, 704 


Terrace productivity, limitation of, 685 
Terraces, at Cromwell field, Oklahoma, 
305 
attitude of, 685 
in New York oil fields, 283 
in Stephens County, Texas, 472 
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analysis of gas, 40 
of oil, 39 
anticline, 25, 30 
character of oil, 39 
development, 23, 41 
of gas, 33 
dome, 30 
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